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A.  Introduction 


Contrary  to  the  traditional  view  concerning  stimulus -re npcnce  relationships 
in  perceptual  judgment,  a  rapidly  growing  literature  has  demonstrated  that 
judgnents  of  even  the  simplest  sensory  sort  are  the  product  of  a  complex  of 
relationships  and  reflect,  in  part,  the  subject's  experience  with  some  range  of 
stimuli  within  the  class  represented  by  the  stimulus  being  judged.  Given  a 
constant  judgmental  background,  the  individual  judgment  depends  upon  tho  statis¬ 
tical  properties  of  the  order  of  presentation  within  vjhich  it  appears  (5)  and 
the  relative  impressiveness  of  the  several  stimuli  on  the  occasions  on  which 
they  have  occurred.  The  impressiveness  of  a  stimulus,  in  turn,  depends  upon 
certain  relevant  physical  properties  (3)  as  well  as  on  operations  attendant 
upon  its  presentation  —  whether,  for  example,  it  is  assigned  some  speeial  role 
such  as  that  of  anchor  (2) .  It  is  possible  to  predict  with  precision  judgmental 
values  on  individual  trials  for  certain  traditionally-identified  sensory  dimen¬ 
sions  as  a  differential  between  the  present  stimulus  value  and  a  weighted  average 
of  relevant  stimuli  previously  experienced  by  the  judge  (adaptation  level). 

Recent  studies  in  our  laboratory  have  been  directed  toward  examining  per¬ 
ceptual  dimensions  in  terms  of  the  model  of  adaptation  level.  Anchor-induced 
shifts  in  judgment  have  been  demonstrated  for  a  shape  dimension.  Fui-thermore, 
for  an  anchor  effect  to  occur,  it  is  clear  that  the  anchor-designate,  in  addition 
to  relating  in  some  significant  way  to  other  stimuli  on  the  property  being 
judged,  must  share  in  common  \jith  these  stimuli  certain  criteria!  attributes 
(1,  11).  The  perceptual  property  selected  for  experimental  treatment  is 
phenomenal  ambiguity  of  orientation,  a  coneeptual  rather  than  a  sensory  dimen¬ 
sion  (Conceptual  as  well  as  sensory  dimensions  have  been  sliown  to  be  amenable 
to  treatment  in  terms  of  A.L.  theory  |U].),  and  the  variables  experimentally 
manipulated  are  average  degree  of  ambiguity  within  the  stimulus  series, 
relative  frequency  of  presentation  for  the  several  series  members,  and 
reinforcement  of  certain  series  members.  Like  any  average,  adaptation  level 
is  the  joint  product  of  individual  stimulus  values  and  their  relative  frequency 
of  presentation.  Reinforcement  vjas  included  to  explore  the  role  of  this  factor 
in  altering  the  impressiveness  of  the  stimuli  (the  weight  of  their  contribution 
to  adaptation  level)  on  individual  trials. 

B .  He  thod 

This  study  consists  of  three  short  experiments,  one  dealing  vjith  each  of 
the  three  variables  mentioned  above.  Essentially  the  same  method  was  used  in 
all.  Individual  subjects  judged  a  series  of  brief  presentations  of  the  cube 
rendered  to  some  degree  or  degrees  unambiguous  followed  by  several  presentations 
of  the  ambiguous  version  as  test  trials.  The  same  apparatus  and  instructions 
were  used  throughout. 

1.  Subjects.  Thirty  viomen  students  in  an  introductorj''  psychology  course 
served  as  siibjects,  ten  in  each  experiment.  Hone  v;ere  familiar  with  the  purpose 
of  the  study. 

2.  Apparatus.  Two  unambiguous  versions  of  the  Hecker  Cube  vjere  prepared  — 
one  invariably  oriented  to  the  left,  the  other  to  the  right  —  by  shading  certain 
faces  and  thickening  certain  contours.  Uhen  presented  in  a  mirror-type,  two-field 
mixing  tachistoscope  they  made  possible  serveral  versions  of  the  cube:  completely 
unambiguous,  left;  moderately  unambiguous,  left;  slightly  unambiguous,  left; 
completely  ambiguous  (the  Weeker  Cube);  slightly  unambiguous,  right;  moderately 
unambiguous,  right;  completely  unambiguous,  right.  This  was  accomplished  by 
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simultaneously  inereasing  and  decreasing  the  brightness  of  two  fiolds  in  a 
eomplemcntary  fashion,  such  that  the  total  field  brightness  remained  constant. 
Change  was  continuous  from  extreme  left  to  extreme  right.  Adjustment  of  the 
brightness  controls  for  the  two  fielcis  allowed  change  in  appearance  from 
unambiguous  left  orientation  through  the  balanced  condition  to  unambiguous 
right  orientation  or  vice  versa. 

3.  General  Procedure.  Subjects  were  tested  individually.  After  being 
shown  how  to  view  the  stimulus  field,  each  subject  was  told  that  she  v;as  partici¬ 
pating  in  a  study  of  her  ability  to  diseriminate  fine  differences.  She  was 
instructed  that  cubes  would  be  briefly  presented  one  after  the  other  and  that 
in  each  ease  she  was  to  indicate  the  orientation,  left  or  right,  of  the  figxire. 

She  x:as  then  shown  drawings  of  the  left  and  right  unambiguous  versions.  To 
further  insure  that  she  understood  what  she  was  to  report  upon,  four  to  six 
presentations  of  each  version  were  made  taehiGtoscopically  and  she  xjas  required 
to  report  on  orientation.  Finally  she  received  thirty  trials  for  the  purpose 
of  establishing  A.L.,  followed  by  three  test  trials  to  test  the  effect  of  the 
experimental  treatment.  Subjeets  who  incorrectly  identified  orientation  during 
the  training  trial  were  omitted  prior  to  the  test  trials.  Only  two  subjects 
were  eliminated  on  these  grounds.  Thirty  qualified  for  test. 

C .  Experiiaent  I 

1.  Procedure .  In  Experiment  I  the  variable  subjected  to  manipulation  was 
average  degree  of  antoiguity  of  orientation.  It  was  reasoned  that  if  perceived 
orientation  were  eoneeptualized  as  a  variable  eapable  of  continuous  transformation 
from  left  to  right  or  viee  versa  tlu’ough  changes  in  stimulus  ambiguity,  an  order 
of  presentation  whieh  resulted  in  the  average  anbiguity  being  lower  for  one 
orientation  than  for  the  other  snould  result  in  the  impression  identified  with 
lower  average  ambiguity  becoming  established  as  an  orientational  adaptation  level. 
Aeeordingly,  any  stimuli  with  ambiguity  seale  values  between  this  value  and  com¬ 
plete  unambiguity  of  the  opposite  side  should  yield  impressions  of  the  opposite 
orientation.  Thus,  for  example,  if  tlie  right-oriented  versions  ai'C,  on  the 
average,  moderately  unambiguous  "ihilc  those  of  the  left  are  only  slightly 
unambiguous,  the  A.L.  should  be  identified  with  the  right  orientation  and  the 
balaneed  Neeker  Cube  (objectively  totally  arabiguous)  should  be  seen  as  left 
oriented.  Similarly,  if  the  average  aabi'uity  for  both  versions  were  equal,  the 
A.L.  should  coineide  with  the  balaneed  version,  and  this  eube  should  be  judged 
equally  often  in  each  orientation.  Experiment  I  tested  the  first  of  these 
predietions. 

For  this  experiraent  the  30  A.L.  trials  vjere  programmed  as  follows:  Trials 
1-10  were  all  between  moderately  and  slightly  unambiguous.  On  Trials  11-20 
the  trials  for  one  orientation  were  moderately  unanbiguous  while  those  for  tiie 
other  were  only  slightly  unambiguous.  Finally,  on  trials  21-30,  the  trials  for 
the  favored  orientation  were  almost  totally  unambiguous,  while  those  for  the 
unfavored  orientation  a;ere  almost  eaaplotely  ambiguous.  For  half  the  subjeets 
the  riglit  orientation  was  favored  (less  ambiguous)  j  for  the  other  half,  the 
opposite  held  true.  Half  the  trials  in  each  set  of  ten  were  left  orientations 
and  half  Tj-ere  right. 

The  3G  A.L.  trials  were  followed  by  three  presentations  of  the  totally 
ambiguous  eube.  Betvieen  Test  Trials  2  and  3  a  moderatcDy  un.'vnhi guous  version 
of  the  favored  side  was  pro.scntnd  in  nifici-  In  hvc.ak  any  set  to  expect  all 
unfavored  versions. 
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2.  Results .  The  results  of  this  experijnent  ire  in  line  with  expectation. 

Of  the  total  of  30  presentations  of  the  balanced  cube  (lO  subjects  x  3  trials) ^ 

28  responses  were  for  the  orientation  opposite  to  that  identified  with  tiie  A.L. 

For  the  subjects  with  the  A»L.  established  on  the  right  side,  the  ambiguous 
version  was  judged  on  almost  every  trial  to  be  in  the  left  orientation;  for  the 
judges  subjected  to  operations  intended  to  establish  the  A.L.  in  the  right 
perspective,  the  opposite  was  the  ease.  In  the  interest  of  statistical  confir¬ 
mation,  the  hypothesis  was  judged  to  have  held  in  the  individual  subject,  if 
he  gave  tvjo  or  more  responses  to  the  test  vei-sion  in  line  with  prediction.  All 
10  subjects  met  this  criterion.  (X^  z  10.0,  df  Z  1,  P<.0l). 

D.  Experiment  II 

1.  Procedure.  Experiment  II  was  concerned  with  the  effect  of  a  difference 
in  relative  frequency  of  presentation  of  alternate  orientations  of  equal  ambiguity 
upon  the  perceived  orientation  of  the  balanced  cube.  Following  the  logic  of 
Experiment  I,  it  was  predicted  that  the  orientation  A.L.  viould  be  established 
viithin  the  perspective  presented  most  frequently.  Thus,  for  example,  if  the 

A.L.  was  identified  with  the  right  perspective,  the  balanced  cube  should  be 
judged  as  facing  left. 

Fcr  Experiment  II,  the  following  regimen  was  used  to  establish  the  A.L.  On 
trials  l-lU,  half  the  trials  were  left-oriented  and  half  vjere  right-oriented. 

On  trials  15-30  six  were  in  one  perspective  and  10  in  the  other.  For  half  the 
subjects  the  favored  (the  most  frequent)  perspective  was  toward  the  left;  for 
the  remaining  half  toward  the  right.  Over  the  30  A.L.  trials,  the  figures  were 
rendered  systematically  more  ambiguous.  On  the  first  third  they  were  moderately 
unairibiguous;  on  the  second  third  between  moderately  and  slightly  unambiguous; 
and  on  the  final  third,  only  slightly  unambiguous. 

2.  Results.  Here  again,  as  in  Experiment  I,  expectation  is  confirmed.  Of 
the  total  of  30  test  trials  with  the  objectively  ambiguous  figure,  25  of  the 
responses  were  for  the  less  frequently  presented  perspective,  lline  of  the  ten 
subjects  met  the  confirmation  criterion  (X^  =  6.h,  df  =  1,  P  '^.01). 

E.  Experiment  III 

1,  Procedure.  Experiment  I  was  performed  to  demonstrate  the  relation  of 
impressiveness  of  stimuli  over  a  series  of  trials  upon  the  judgments  of  the  test 
figure.  In  this  experiment  impressiveness  was  related  to  the  physical  definition 
of  the  stimulus.  But  there  are  other  factors  that  influence  impressiveness.  The 
broad  spectrum  of  operations  that  serve  to  emphasize  the  significant  characteristic 
or  characteristics  of  a  stimulus  may  be  assumed  to  influence  the  weight  of  its 
contribution  to  the  judgmental  norm.  Reinforcement  is  one  such  operation. 
Experiment  III  was  performed  to  explore  the  relationship  of  reinforcement  to 

this  function. 

On  ten  of  the  fifteen  trials  on  which  one  of  the  two  perspeetives  was 
presented,  the  subject's  response  was  followed  by  a  confirming  comment  such  as 
"that's  right",  "good",  or  "uh-huh".  For  half  the  subjects,  the  right  presenta¬ 
tion  was  reinforced;  for  the  other  half,  the  left.  The  Experiment  II  schedule 
for  progressively  increasing  ambiguity  through  the  30  A.L.  trials  was  also  used 
in  this  experiment. 

2.  Results.  The  rationale  of  this  experiment  predicts  that  if  the  right 
perspective  was  reinforced  during  the  pre-test  trials,  the  balanced  cube  would  be 
seen  oriented  toward  the  left  on  the  test  trials.  Results  support  this  predict:'  )n. 
On  25  of  the  30  test  trials,  the  perceived  orientation  was  the  opposite  of  that 
reinforced  by  the  A.L.  trials.  IJine  of  the  ten  subjects  met  the  confirmation 
criterion  (X2  -  6.14,  df  =  1,  P<.0l). 


F.  Discussion 


The  results  of  the  three  experijiients  described  in  this  paper  are  taken  ss 
evidence  that  perceived  figural  orientation  reflects  the  influence  of  patterns 
of  prior  input.  They  suggest  thet  a  particular  orientation  acquires  referenda 
or  nornativc  status  as  a  function  of  its  average  phenomenal  clarity,  or  the 
relative  frequency  of  its  occurrence.  Furtheinore,  its  phenomenal  clarity  would 
appear  to  be  capaole  of  enhancement  by  reinforcement. 

Certain  observations,  ho’.-iever,  ai-e  in  order.  It  vjould  seem,  first  of  all, 
that  the  present  results  contradict  findings  already  in  the  literature.  Several 
examples  bear  citing.  There  are  a  variety  of  transactionist  demonstrations  like 
those  involvinj:  the  distorted  room  (6)  xjhich  indicate  that  stimulus  configurations 
are  seen  consistent  with  past  experience.  However,  it  must  be  pointed  out  that 
distorted  rooms  are  not  ambiguous  stimuli.  When  viewed  under  proper  conditions 
they  produce  retinal  configurations  ’.-ihich  are  identical  with  those  produced  by 
noimial  rooms  under  the  usual  viewing  condition.  They  do  not  differ  significantly 
from  the  normative  stimulus  configuratio.ns. 

Leeper’ s  study  (?)  with  the  mother-in-law  figure  may  also  be  cited.  In  this 
study  separate  groups  of  subjects  were  presented  one  or  the  other  of  tv)o  alter¬ 
native  unambiguous  versions  of  the  test  figure  prior  to  viewing  the  ambiguous 
version.  When  this  vjas  done,  the  a;ribiguous  test  figure  was  perceived  to  be  the 
unambiguous  version  previously  shown.  The  L-eeper  experiment  differs  from  those 
of  the  present  report  in  one  important  respect.  Its  subjects  were  not  perriiitted 
experience  with  alternative  figures  and,  it  may  be  presumed,  had  no  knauledge  that 
alternative  versions  existed.  The  adaptation-level  model  implies  the  establish¬ 
ment  of  judgmental  norms  from  varied  stimulus  input.  In  the  Leeper  study 
experience  had  no  variation  at  all.  And  if  a  judgmental  norm  was  established, 
it  vjas  established  in  an  absolute  sense  with  no  range  of  inputs  to  provide  contrast 
with  the  norm.  Under  such  circumstances,  one  could  not  expect  the  test  figure  to 
evoke  a  response  other  than  that  of  prior  training. 

The  results  of  Sollcy  and  Santos  (?)  are  less  easily  reconciled  with  the 
present  findings.  These  experimenters  report  that  when  two  completely  unambiguous 
versions  of  the  Hecker  Cube  are  differentially  reinforced  during  a  scries  of 
presentations,  the  subject  more  readily  and  frequently  reports  the  orientation 
that  is  reinforced  the  greater  number  of  tines.  Again,  this  study  differs  in 
v;hat  nay  be  a  critical  fashion  from  the  present  experiments.  First,  the  test 
trials  were  interspersed  unannounced  within  the  series  of  unambiguous  training 
trials.  This  means  that  testing  was  carried  out  at  different  stages  of  norm- 
evolution  —  if  an  orientational  norm  was  generated.  Undci'  these  circumstances, 
it  might  be  expected  that,  at  least  for  the  early  trials,  the  norm  was  unstable 
or  non-existent,  with  the  result  that  response  was  required  in  absolute  terms. 

How  if  the  occasional  test  trial  in  fact  was  aibiguous,  the  subject' s  best  response 
strategy  would  have  been  to  fall  back  upon  the  verbal  label  used  with  the  greatest 
success.  Furthermore,  since,  with  the  exception  of  the  occasional  test  trial, 
figures  were  unambiguously  left  or  right  in  orientation,  the  situation  may  have 
been  structured  for  the  judge  as  purely  dichotomous.  Under  these  conditions,  it 
is  not  expected  that  an  orientational  a.L.  would  be  formed.  It  is  assumed,  in 
contrast,  that  the  operations  of  the  present  experiments  led  to  a  "dimensionality" 
of  the  variable  of  ambiguity  of  perceived  orientation.  It  is  further  assumed 
that  the  impression  of  grades  of  ambiguity  yields  an  impression  of  continuous 
difference  in  spatial  position  between  loft  and  right  orientations.  We  have 
therefore  conceived  of  the  present  i-csults  in  terms  of  the  A.L.  model,  meanwhile^ 
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it  may  be  held  that  they  are  a  matter  of  simple  qualitative  contrast.  If  tlie 
standard  is  identified  v:ith  one  orientation  then  anj^thin^  that  differs  from  it, 
including  the  aMbi£,uous  fifure,  could  be  judf.ed  iii  the  opposite  orientation. 

While  the  present  paper  uas  in  prenarationj  Santos  and  his  colleagues  (8) 
reported  results  which  are  in  line  with  those  of  our  Experiment  II.  In  tvio 
experiments  the  subjects  displayed  a  strong  tendency  to  perceive  the  balanced 
cube  in  the  orientation  opposite  of  that  moot  frequently  presented  during  the 
training  trials.  This  effect  uas  more  pronounced  on  long-exposure  test  trials 
than  on  short-exposure  trials. 

A  final  point  concerns  a  general  implication  of  the  present  results. 

Stevens  (lO)  has  recentl.y  interpreted  adaptation- level  phenomena  in  terms  of  the 
readjustment  of  verbal  labels  used  tc  accomodate  particular  stimuli  within  the 
stimulus  series.  The  shifts  in  Judgment  associated  with  anchor  effects,  for 
example,  are  said  to  be  due  to  the  need  to  be  able  to  express  relative  magnitude 
in  terms  of  the  stimulus  scale  when  the  range  of  intensities  is  increased  by 
the  inclusion  of  the  anchor.  Tlie  present  data  do  not  support  Stevens'  view. 

It  is  impossible  to  deal  with  complementary  orientations  in  terns  of  shifting 
labels  in  the  same  way  that  one  can  rationalize  shifts  on  an  intensive  scale. 

G .  Sujmnary 

Three  experiments,  involving  a  total  of  thirty  subjects,  dealt  with  perceived 
orientation  of  the  i'ecker  Cube  as  a  function  of  patterns  of  stimulus  input  prior 
to  presentation  of  the  balanced  or  ambiguous  cube.  During  a  series  of  pretest 
trials,  the  ambiguity  of  the  figure  in  one  orientation,  the  relative  frequency 
T.’ith  which  it  was  presented,  or  the  relative  frequency  with  t;hich  the  orientation 
uas  reinforced  vjas  varied.  It  was  th\is  anticipated  that  this  orientation  vjould 
be  established  as  a  standard  for  further  judgments.  As  predicted,  a  predoriina:it 
number  of  presentations  of  the  na:':imally  rmbiguous  or  balanced  cube,  vjere  reported 
to  be  in  the  opposite  orientation.  A  reconciliation  of  these  data  v:ith  previous 
findings  is  attempted. 
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Figure  1,  The  stimulus  figures.  The  figure  on  the  left  side  is  the  left- 
oriented  figure;  that  on  t-he  right,  the  right-oriented.  The  center  figure  is 
the  balanced  (ambiguous)  cube.  Hot  shoun  is  the  soft  shading  on  the  "near 
surface"  (that  bounded  by  the  heavy  contours)  used  to  enhance  the  impression 
of  left  or  right  orientation. 
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In  a  recent  paper,  Black  and  Bevan  (i960)  report  that  subliranal  stimulation, 
introduced  without  the  subject's  knowledge,  may  effect  an  increase  in  the  judgea 
intensity  of  supraliminal  series  stimuli.  Their  procedure  involved  presenting 
an  experimental  group  electric  shocks  below  the  range  of  threshold  sensitivity 
and  interpolated  at  the  midpoint  of  the  temporal  interval  between  successive 
mild  shocks  used  as  series  stimuli.  Conparison  of  the  responses  of  this 
group  with  those  of  a  control  group  not  presented  the  subliminal  shocks 
revealed  two  differences  worthy  of  notes  First,  the  series  shocks  were 
judged  consistently  more  intense  by  the  experimental  Ss .  Second,  the  slope 
of  the  psychophysical  function  for  the  experimental  group  was  flatter  than 
that  for  the  control,  the  elevation  of  the  control  judgments  being  greater 
for  the  weaker  members  of  the  series  than  for  the  stronger.  These  results 
suggest  that  subthreshold  stimulation  may  influence  the  apparent  magnitude 
of  psychophysical  stimuli  above  threshold  and  that  this  influence  resembles 
that  produced  by  an  anchor  above  threshold  but  belov;  the  series. 

The  Bevan  and  Black  data  have  been  confirmed  by  Goldstone  and  his 
colleagues  (1962),  although  the  latter  found  it  necessary  to  modify  procedure 
so  that  each  interpolated  subliminal  stimulus  was  temporally  closer  to  the 
series  member  it  preceded.^ 

The  purpose  of  the  present  series  of  experiments  was  to  further  establish 
the  Black-Bevan  effect  as  a  bona  fide  anchor  effect  by  demonstrating  it  for 
a  second  sensory  dimension.  Since  electric  shock  is  a  noxious  stimulus  with 
broad  biological  significance  for  the  subject,  it  is  conceivable  that  the 
subliminal  anchor  effect  may  be  peculiar  to  this  and  similar  dimensions. 
Therefore,  the  dimension  chosen  for  the  experiments  herein  described  x-jas 
loudness . 


Experiment  I. 

At  the  time  that  the  Black-Bevan  experiment  was  nearing  completion,  a 
pilot  experiment  involving  the  judgment  of  loudness  was  carried  out.  This 
consisted  of  a  counterbalanced  design  in  which  all  subjects  judged  the  series 
members  under  both  control  (no-anchor)  and  experimental  (anchor)  conditions. 

For  half,  the  control  condition  occurred  on  the  initial  session,  xdth  the 
experimental  condition  being  presented  several  days  later;  for  the  other  half, 
the  order  was  reversed.  Tones  to  be  judged  were  presented  through  head  phones 
with  ambient  white  noise  of  moderate  intensity  present  to  mask  incidental 
sounds  that  might  serve  as  anchors  above  the  series. 

The  results  plotted  as  2  functions  separated  by  a  fraction  of  a  category- 
unit's  difference  at  the  low  end  of  the  series  and  converging  on  a  conunon 
value  at  the  upper  end  of  the  series.  However,  the  relative  position  of  the 
2  curves  was  opposite  to  expectation;  the  judgments  in  the  presence  of  the 
subliminal  stimulus  were  less  intense  than  those  of  the  control  condition. 

IJhile  the  between-conditions  source  of  variance  was  not  significant,  the  dif¬ 
ference  in  slopes  (conditions  x  stimuli  interaction)  was  highly  reliable  (Pf.OOl). 

Since  a  preliminary  experiment  with  shoek  had  shown  already  that  order  of 
presentation  influences  anchor  effectiveness,  it  was  conjectured  that  these 
results  mi^t  reflect  the  operation  of  this  variable.  Accordingly,  Experiment  I 
is  a  repetition  of  the  loudness  experiment  using  the  simple  tvxo  independent- 
groups  design. 
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Sub.jects,  The  Ss  were  30  undergraduate  students  enrolled  in  Introductory 
Psychology:  7  nien  and  8  women  made  up  the  control  group  while  8  men  and  7  'womea 
constituted  the  experimental  group.  Hone  had  previous  experience  in  psycho¬ 
physical  experiments. 

Apparatus .  The  stimulus  tones  were  generated  by  a  Hewlett-Packard  Audio¬ 
oscillator,  Model  200CD  and  presented  binaurally  to  S  through  Telephonies  Typo 
TDH-39  high  fidelity  earphones.  The  intensity  of  the  stimuli  (lOOO  cps  tones) 
was  set  manually  on  each  trial  by  the  experimenter  by  means  of  a  Hewlett- 
Packard  1-bdel  35o  B  Attenuator.  The  duration  of  each  presentation  as  well  as 
the  intervals  between  presentations  was  controlled  by  2  Hunter  liodel  111  C 
Golden  Silence  interval  timers  appropriately  connected  for  recycling.  The 
elimination  of  clicks  associated  vjith  onset  and  offset  of  the  tones,  as  well 
as  control  of  their  rise  and  decay  times,  was  accomplished  through  use  of  a 
Grason-Stadler  electronic  switch.  The  output  of  a  General  Radio  Type  1890A 
Random  Koise  Generator,  amplified  through  a  Bell  ibdel  2122-C  amplifier  and 
presented  through  an  Oxford  8-in.  speaker  provided  the  ambient  sound  screen. 

Procedure .  Each  S  was  tested  individually.  The  first  step  in  the  experi¬ 
mental  procedure  involved  determining  his  loudness  threshold  in  the  presence 
of  a  continuous  noise  level  of  71  db.  A  variation  of  the  method  of  limits  was 
used,  the  threshold  being  taken  as  the  median  of  1$  momentary  estimates  obtained 
with  an  ascending  series  alone. 

S  was  next  instructed  in  the  judgment  of  sensory  stimuli  using  the  rating- 
scale  version  of  the  absolute  method.  He  was  given  9  categories,  varying  from 
very,  very  soft  through  medium  to  very,  very  loud,  but  was  told  to  use  as  many 
categories  as  possible  and  to  add  categories  when  appropriate.  Finally,  it  was 
explained  that  loud  and  soft  had  reference  only  to  the  stimuli  he  would  be 
presented  during  the  test  session. 

Each  S  received  20  presentations  of  each  of  5  series  intensities,  with 
the  order  of  presentation  random  for  5  successive  blocks  of  20  trials  each. 

The  physical  intensities  used  were  set  with  reference  to  the  individual  S ' s 
absolute  threshold.  The  weakest  member  of  the  series  was  5  db  above  this 
value,  with  the  additional  stimuli  represented  by  successive  increments  of 
5  db.  The  subliminal  anchor  vjas  set  at  5  db  beloi;  threshold  and  was  interpo¬ 
lated  without  S's  knowledge.  Care  was  taken  to  eliminate  any  member  from  the 
experimental  group  who  assigned  a  category  value  on  one  or  more  presentations 
of  the  subliminal  stimulus  or  who  either  voluntarily  or  upon  questioning  at 
the  end  of  the  test  session  gave  evidence  of  being  aware  of  its  presence.  The 
series -stimuli  were  presented  at  intervals  of  10  sec.  for  a  duration  of  1  sec. 
The  subliminal  stimulus  was  introduced  at  the  midpoint  of  the  presentation 
interval,  i.e.,  5  seconds  after  the  onset  of  each  series-stimulus.  Medians  of 
the  category  judgments  made  for  the  several  series-stimuli  by  the  individwal 
Ss  served  as  data  for  statistical  analysis.  Psychophysical  functions  for  the 
2  groups  were  constructed  from  the  means  of  these  medians. 

Results.  The  results  of  Experiment  I  are  seen  in  Figure  1.  It  may  be 
noted  that  there  are  2  non-overlapping  functions  with  maximum  separation  at 
the  low  end  of  the  series.  Statistical  evaluation  by  means  of  a  trend  test 
indicates  the  separation  of  the  2  curves  to  be  reliable  (Ehetween  groups  “ 
52.22,  df  =  l/QU,  P^.OOl)  vihile  it  fails  to  confirm  the  asyiniaetrical 
anchor  effect  (F^ietween  slopes  “  1*32,  df  =  1/Qh,  P>  .05).  These  data  are 
in  line  v;ith  those  of  the  pilot  experiment.  The  judgments  of  the  experi¬ 
mental  group,  contrary  to  expectation,  are  less  intense  than  those  of  the 
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control,  but,  since  the  design  involved  independent  groups,  cannot  bo 
attributed  to  an  interaction  involving  order-effects.  Two  other  possibilities 
suggest  themselves.  It  is  conceivable  that  the  masl-d-ng  noise,  instead  of 
screening  out  incidental  anchors,  itself  constitutes  an  anchor  aboye  the  series, 
interacting  with  the  experimental  conditions  tAD  produce  the  obtained  results. 

On  the  other  hand,  the  subliminal  anchor,  being  relatively  impotent  and  close 
to  the  series,  could  have  effected  assimilation  rather  than  the  more  frequertlv- 
observed  contrast  anchor-effect.  Therefore,  Experiment  n  was  undertaken  to 
check  those  possibilities. 


Experiment  II 

Experiment  II  was  essentially  a  repetition  of  Experiment  I  under  circum¬ 
stances  which  allowed  the  omission  of  the  ambient  white  noise.  This  was 
accomplished  by  conducting  the  test  session  in  a  specially-constructed  test 
chamber,  capable  of  attenuating  extraneous  noises  by  approximately  60  db., 
with  the  subject  wearing  headphones  mounted  in  ear  muffs  capable  of  the 
further  dampening  of  outside  sound  by  U5-60  db. 

Subjects.  Eighty  Introductory  Psychology  students,  20  men  and  20  women 
in  the  control  and  experimental  groups  respectively,  partieipated  as  Ss. 

Apparatus ♦  The  apparatus  was  that  of  Experiment  I  except  that  tTie  Tele¬ 
phonies  Type  TiH-39  phones  vjere  replaced  byi.illson  Sound  Barrier  ear  muffs 
containing  Stroiriberg  Carlson  high-fidelity  phones. 

Procedure.  The  procedure  of  Experiment  II  was  identical  with  that  of 
Experiment  I  except  that  the  physical  intensities  of  all  stimuli  were  the 
same  for  all  subjects.  The  series  intensities  were  26,  31,  36,  Ul  and  1;6 
db  S.P.L.  respectively.  The  subliminal  stimulus  was  l6  db  S.P.L.  Each  S  in 
the  experimental  group  was  carefully  observed  while  being  tested  and  was 
interrogated  at  the  end  of  the  session.  Twenty-five  evidenced  knowledge  of 
the  presence  of  the  subliminal  input  and  were  disqualified  as  Ss.  These  are 
in  excess  of  the  80  identified  above  as  Ss. 

Results .  The  elimination  of  the  sound  screen  and  the  insulation  of  the 
subject  from  extraneous  noise  yielded  data  clearly  different  from  those  of  the 
pilot  study  in  Experiment  I  (cf.  Figure  2).  It  thus  seems  reasonable  to 
attribute  the  reversal  in  the  relative  positions  of  the  experimental  and  control 
curves  obtained  in  these  earlier  investigations  to  the  anchor-lilve  intrusion  c.f 
the  masking  noises.  Heanwhile,  the  results  are  not  definitive  confirmation  of 
the  proposition  that  subliminal  stimulation  may  behave  like  an  anchor  below  the 
series.  Although  the  E-group  values  are  greater  than  corresponding  C-group 
values  for  the  3  loudest  members  of  the  series,  the  curves  seen  in  Figure  2 
intersect  at  a  value  approximately  equal  to  that  of  stimulus  2  and  the  reversal 
for  the  weakest  series  member  suggests  a  slight  assimilation  effect.  Analysis 
of  variance  of  the  data  of  Experiment  II  indicates  no  reliable  between-groups 
difference  (F  between  groups  •  *33,  df  =  1/76,  P?  .05),  but  a  significant 
difference  in  slopes  group  X  stimuli  “  df  -  I4/30U,  Px.Ol). 

Experiment  III 

The  purpose  of  Experiment  III  was  two-fold  1  to  seek  a  more  effective 
set  of  stimulus  conditions  for  the  production  of  the  subliminal  anchor  effect, 
and,  as  part  of  this,  to  explore  the  result  of  changing  the  temporal  position 
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or  the  anchor  within  the  presentation  interval.  Goldstone,  Goldfarbj  Strong 
and  Russell  (1962)  indicate  that  when  the  subliminal  anchor  effect  for  shock 
could  not  be  obtained  viith  interpolation  at  the  midpoint  of  the  presentation- 
interval,  it  was  possible  to  evoke  it  by  moving  the  anchor  back  so  that  it 
preceded  each  series  raeniber  by  2  rather  than  5  seconds.  Similarly,  ilaruyama 
(1957),  in  a  study  of  intermodal  relations,  interpolated  a  tone  either 
immediately  following  the  standard  visual  stimulus  or  just  prior  to  the 
comparison  stimulus  and  found  that  the  tone  influenced  the  bri^tness 
judgment  only  when  it  occurred  in  the  latter  te.’poral  position.  Accordingly, 
it  vjas  decided  to  examine  the  subliminal  anchor  effect  with  the  anchor  at 
several  positions  within  the  presentation  interval.  Since  inspection  of 
Figure  2  suggests  a  weak  and  inconsistent  anchor  effect,  it  was  assumed  that 
this  effect  might  be  enhanced  by  increasing  the  scalar  distance  between 
series  and  anchor  magnitudes. 

Subjects.  Three  groips  of  20  subjects  each,  10  men  and  30  women,  represented 
the  experimental  condition.  The  control  group  of  Experiment  II  was  used  to 
pi'ovide  control  data  for  this  experiment.  As  in  the  case  of  Experiment  II, 
subjects  indicating  cognizance  of  the  subliminal  inputs  viere  eliminated  and 
are  in  excess  of  the  60  designated  as  subjects. 

Procedure .  The  subliminal  stimulus  was  introduced  early  in,  at  the  middle 
of,  or  late  in  the  presentation-interval.  For  the  early  group,  its  onset 
followed  that  of  the  preceding  stimulus  by  3  seconds,  for  the  middle  group, 

S  seconds,  and  for  the  late  group,  7  seconds.  Two  additional  Hunter  timers 
were  added  to  make  possible  the  temporal  programming.  The  subliminal  stimulus 
was  set  at  11  db  S.P.L. 

Results.  The  results  of  Experiment  III  are  seen  in  Figure  3*  It  will  be 
noted  that  in  every  case  the  curve  for  the  experbaental  group  lies  above  that  of 
the  control.  In  every  case  the  difference  between  conditions  is  statistical]-- 
reliable  (F3  =  5-09,  df  =  1/76,  P  <.05;  F5  =  7-97,  df  =  1/76,  P<.01; 

Fy  -  U.UU,  df  =  3/76,  P<.05).  Thus,  it  would  appear  that  an  appropriate 
set  of  experimental  conditions  had  obtained  and  the  subliminal  anchor  effect 
observed  by  Black  and  Bevan  for  shock  was  confirmed  for  loudness.  Similar  sup¬ 
port  for  the  generality  of  the  subliminal  anchor  effect  is  provided  by  a  recent 
study  b'^  Boardman  and  Goldstone  on  the  judgment  of  size.  Using  a  visual- 
masldjig  technique  loith  tachistoscopically-presented  discs,  these  experimenters 
supplemented  the  psychophysical  series  with  an  anchor  disc  either  larger  than 
or  smaller  than  the  series  members.  Although  the  differences  were  small,  the 
judgments  for  the  group  receiving  the  small  anchor  were  consistently  greater 
for  the  experimental  than  for  the  control  condition;  while  those  for  the  group 
receiving  the  large  disc  were,  as  expected,  less  than  the  control  judgments. 

Figixre  U  is  a  graph  of  the  adaptation-levels  (the  stimulus  magnitudes 
corresponding  to  the  judgment  of  medium)  for  the  experimental  groups  of 
Experiment  III  expressed  in  db.  It  is  clear  from  the  zero  slope  that  the  sub¬ 
liminal  anchor  effect  did  not  differ  over  the  range  of  interpolation- times 
used.  This,  of  course,  does  not  mean  that  interpolation  time  is  not  an 
important  general  consideration,  but  only  that  for  the  particular  eiqoerimentai. 
conditions  employed  in  Experiment  III,  it  failed  to  produce  a  differential 
effect. 
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Discussion 

The  aijn  of  the  experiments  reported  in  this  paper  was  to  ejplore  the 
generality  of  the  subliminal  anchor  effect  reported  by  Black  and  Bevan  (I96O) 
for  the  sensory  dimension  of  electric  chock.  A  review  of  the  results,  taken 
as  a  whole,  leads  us  to  conclude  that  the  effect  is  a  genuine  one.  Beyond 
this,  there  are  several  general  comments  that  vjarrant  mention. 

The  ejqperiments  on  subliminal  anchors  are  part  of  a  larger  program  of 
studies  dealing  with  the  problem  of  relevance  in  sensory  judgment.  Hore 
specifically,  this  program  is  directed  toward  identifying  the  properties 
that  identify'-  stiauli  that  are  pooled  by  the  judge  and  therefore  deteri.iine  the 
scalar  value  of  an  adaptation  level  in  contrast  to  those  which  exert  no 
influence  upon  the  judgmental  norm.  The  present  results  are  consistent  with 
the  Black  and  Bevan  conclusion  that  the  absolute  threshold  need  not  be  a 
limiting  condition  in  pooling. 

Two  characteristics  of  the  Black  and  oevan  results  support  the  conclusion 
that  the  subliminal  anchor  effect  is  a  genuine  anchor  effect:  (a)  tlie 
judgments  of  series  stimuli  with  the  anchor  interpolated  T:ere  significantly 
greater  than  when  it  was  absent;  and  (b)  the  subliminal  anchor  effect  is 
greatest  for  stimuli  xvhich  are  at  the  lovj  end  of  the  series  and  thus  also 
nearest  the  position  of  the  anchor  in  the  stimulus  scale.  Comparison  of 
Experiments  II  and  HI  adds  a  third  characteristic,  (c)  The  subliminal  effect 
was  enhanced  by  changing  the  intensity  of  the  subliminal  stimulus.  This 
involved  increasing  the  scaJ.ar  distance  between  the  anchor-designate  and  the 
series  members  while  at  the  same  time  reducing  its  physical  magnitude  and 
taking  it  farther  below  threshold. 

Stevens  (1958),  in  his  discussion  of  the  concept  of  adaptation  level,  has 
suggested  that  when  one  goes  beyond  the  problem  of  color  constancy  and  contrast, 
A-L  phenomena  may  be  attributed  to  the  judges'  shift  of  category  names  to 
provide  for  the  relative  position  of  the  series  stimuli  in  an  extended  range 
provided  by  the  introduction  of  the  anchor.  The  subliminal  anchor  data,  while 
they  do  not  invalidate  this  explanation  for  certain  anchor  phenomena,  raise 
questions  about  its  generality. 3 


SUi-iixADY 


A  pilot  study  and  three  experiments,  involving  a  total  of  iWi  subjects, 
were  conducted  to  determine  if  a  subliminal  anchor-effect,  already  reported 
for  the  sensory  dimension  associated  with  mild  electric  shock,  could  be 
demonstrated  also  for  the  dimension  of  loudness.  After  some  manipulation 
of  the  experimental  conditions,  it  was  found  that  the  introduction  of  a 
tone  beloi-;  audible  threshold  vias  accctnpanied  by  an  elevation  in  the  judged 
magnitude  of  series  stimuli  above  threshold.  It  is  noteworthy  that  the  anchor 
effect  was  finally  produced  by  increasing  the  scalar  distance  between  the 
series  and  the  anchor-designate,  although  this  involved  decreasing  the 
physical  intensity  of  the  anchor  and  taking  it  farther  belovi  threshold. 
Implications  of  the  results  for  adaption-level  theory  are  suggested. 
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2.  It  is  appropriate  to  note  that  these  subliminal  anchor  effects  are 
relatively  subtle  and  require  careful  manipulation  of  the  experimental 
conditions  in  order  that  they  be  found  in  evidence.  Consideration  must  be 
given  to  both  the  temporal  and  intensive  proximity  of  the  anchor  to  the  series 
members,  its  duration,  and  tlie  relative  frequency  of  its  occurrence.  Since 
anchor  effectiveness  is  easily  masked  by  other  effects,  the  present  investi¬ 
gators  have  found  that  the  sLmple  independent  groups  design,  with  groups  of 
at  least  20  subjects  each,  is  most  efficient. 

3.  Plhile  the  present  paper  nay  not  be  an  appropriate  place  for  an  extended 
discussion  of  the  general  implications  of  the  subliminal  anchor  effect,  one 
metliodological  issue  bears  suggestion.  It  is  widely  held  that  the  strongest 
form  of  scale,  the  ratio  scale,  has  been  achieved  for  certain  sensory  dimen¬ 
sions  through  the  use  of  such  psychophysical  methods  as  that  of  fractionation 
and  magnitude  estimation.  These  methods  are  based  on  the  assumption  that  the 
threshold  constitutes  the  absolute  zero  of  the  scale.  The  subliminal  data, 
since  they  indicate  that  magnitudes  assigned  to  supra-thresliold  stimuli  may 
vary  in  the  presence  of  subliminal  inputs,  would  appear  to  cast  doubt  on  the 
possibility  that  true  ratio  scales  have  been  constructed.  This  is  a  matter 
that  warrants  careful  exaroination. 


Fig.  1.  Judged  loudness  of  tones  for  experimental  and  control  groups  of 
Experiment  I. 


Fig.  2.  Judged  loudness  of  tones  for  the  control  and  experjmental  groups  of 
Experiment  II. 
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STIMULI 


Judged  loudness  for  the  groups  of  Experiment  III.  The  left-hand  graph 
presents  the  drit.a  obtained  when  the  anchor  occurred  early  (3  seconds 
after  onset  of  the  procedi nfr  stimulus)  in  the  presentation  interval; 
the  center  graph,  the  data  when  the  anchor  oocui'red  at  the  midpoint 
of  the  interval  (5  seconds  after  onset  of  the  procedi ng  stimulus); 
and  the  right-hand  graph  the  data  vjhen  the  anchor  occuivod  late 
in  the  presentation  interval  (7  seconds  after  onset). 


? 


Fi£.  It.  Magnitude  of  the  anchor  effect  as  a  function  of  the  position  of  the 
anchor  in  the  presentation  interval.  The  medim  loudness  jiidgiuent. 
is  represented  by  the  ordinate j  the  temporal  pi-oximity  of  the  anehnr 
to  the  preceding  series  stimulus  on  the  abscissa. 
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Intreduction 


There  are  a  nuinber  of  ways  in  which  the  several  activities  collectively 
identified  as  performing  experiments  may  be  figuratively  characterized.  One  is 
a  game  in  which  the  goal  of  the  experimenter-player  is  to  confirm  anticipated 
relationships  in  as  expeditious,  economical,  and  aesthetically-satisfying  a 
fashion  as  possible.  The  basic  rules  are  rather  simple  and  easy  to  learn j  the 
techniques  vary  in  complexity  depending  upon  the  phenomena  under  consideration. 

The  intuitive  strategies  that  separate  the  highly  original,  creative 
investigation  from  others  come  only  after  deep  immersion  in  a  problem  area,  but 
othen-;ise  defy  understanding.  T;go  criteria  are  predominant:  all  solutions 
must  be  empiric ally- grounded  and  all  operations,  both  procedural  and  conceptual, 
rtiust  be  logically  coherent.  It  is  usually  expected  that  these  two  requirements 
will  complement  each  other.  However,  when  they  come  into  conflict,  the 
experimenter,  when  he  has  satisfied  himself  that  his  procedures  are  appropriate, 
is  eoraraitted  to  granting  precedence  to  the  empirical  criterion  and  denying 
certain  of  the  assumptions  which  gave  rise  to  his  investigation. 

This  chapter  is  an  attempt  on  the  part  of  a  work-a-day  experimental 
psychologist  to  describe  the  psychology  of  doing  experiinental  studies  of  behavior. 
It  is  not  a  treatise  on  the  philosophy  of  science,  although  much  that  is  dealt 
witli  comes  under  the  scrutiny  of  this  separate  discipline.  Hy  concern  with 
certain  philosophical  issues  is  motivated  by  practical  considerations  related 
to  getting  a  research  job  done.  Issues  of  a  purely  systematic  nature,  often 
subtle  beyond  my  comprehension,  I  leave  to  the  philosophers.  Neither  is  this 
paper  a  set  of  instructions  on  how  to  perform  experiments.  This  task  is  left 
to  the  writers  of  laboratory  manuals  and  the  design  statisticians.  Kather,  it 
is  my  purpose  to  identify  the  assumptions  and  attitudes  that  I  find  present  to 
guide  rny  own  •'.?ork  and  which  I  believe  I  hold  in  common  with  other  e.xperimental 
psychologists.  The  chapter  consists  of  four  major  divisions:  a  delineation  of 
the  outlook  and  assumptions  shared  by  behavior  scientists,  a  description  of 
their  materials,  some  underlying  properties  of  method,  and  a  discussion  of  the 
art  of  doing  experiments  in  psychology. 

The  Point  of  View  of  the  Lxperiraental  Psychologist 

Each  experimenter  takes  certain  things  for  granted  vjhen  he  undertaires  to 
perform  ejrperiments;  Some  of  his  assumptions  are  explicit,  others  are  implicit. 
They  deal  with  the  coneeptuai  orientation  (The  psychologist  calls  this  his 
theory,  although,  in  terms  of  the  criteria  provided  for  theory-making  by  the 
systematists  it  may  be  poorly  constructed  theory,  indeed.)  he  finds  useful, 
the  general  nature  of  the  phenomena  he  studies  (These  are  supex-ordinate  to  any 
particular  assumptions  dictated  by  his  theory  and  thus  would  be  held  in  common 
by  experimental  ps^Thologists  regardless  of  theoretical  persuasion.),  and  the 
nature  of  data  and  the  properties  of  his  method.  Assumptions  of  the  first  sort 
will  more  than  likely  be  explicitely  stated.  Many  relating  to  the  latter  tvio 
categories  go  unrecognized,  and  one  of  the  most  important  exercises  any 
investigator,  behavioral  or  otherwise,  may  engage  in  involves  teasing  out 
for  scrutiny  those  that  lie  hidden  in  his  thinking. 

This  chapter  does  not  concern  itself  with  assumptions  relating  to  the 
content  of  spccifie  theories.  Rather,  it  deals  I’ith  the  experimental 
psyc.  ologist’ s  broader  biases  coneci-nini;  the  material  he  wishes  to  study  and 
the  most  fruitful  way  of  going  about  this  activity.  The  following  three 
propositions  rcgjrosont  the  nntui'e  of  hi.-  bia.-,  concerning  his  subject  matter. 


-  2  - 


1.  Behavioral  phenonona  are  physical  phenonena.  Alnrost  without  exception 
pronciit-Uay  experimental  psychologists  agree  to  the  correctness  of  this  state¬ 
ment.  That  they  all  agree  on  what  is  meant  by  it  is  another  matter. 

One  very  influential  interpretation  of  physical  phenomena  is  identified 
with  early  Behaviorism.  From  b’atson  to  the  present  many  psychologists  have 
insisted  that  behavioral  events  are  in  principle  definable  in  terns  of  the 
substantive  concepts  that  characterize  the  physical  sciences.  To  such 
persons,  for  o::a;nple,  conditioning  is  thought  of  as  electrochemical  change 
at  the  synapse  (Johnson,  1?27),  memory  as  involving  the  elaboration  of  molecular 
lattices  in  the  brain  tissue  (Katz  and  Halstead,  19$0) ,  and  emotion  as  the 
disruption  of  cortical  organization  (Hebb,  I9ii9)  ♦  Though  concern  for  physio¬ 
logical  mechanisms  almost  disappeared  fi’cm  the  intellectual  cui'rency  of 
psychologists  in  the  thirties,  forties  and  early  fifties  —  due  primarily  to 
the  vigor  and  impi'essiveness  of  such  persons  as  Tolman,  Spence,  and  Skinner  — 
the  return,  in  the  19^0 ’s,  to  an  interest  in  physiological  psychology  and  the 
explosive  increase  of  this  interest  is  testimony  to  the  depth  of  this  conviction. 

At  the  sai.ie  time,  there  has  been  a  persistent  uneasiness  about  this  inter¬ 
pretation.  Originally,  it  stemmed  from  the  problem  of  the  status  of  introspective 
observations.  'Jatson  had  equated  the  observable  with  the  physiological  and  had 
declared  that  only  the  observable  was  a  proper  subject  of  scientific  inquiry. 

The  existence  of  subjective  events  was  even  denied.  V/hilc  there  has  been  much 
parochial  concern  among  the  metliodologists  of  behavioral  science  concerning  the 
status  of  introspective  data,  the  concern  of  the  v;orlcing  experimenter  has  been 
motivated  by  a  more  practical  consideration:  accepting  the  criterion  of  inter- 
suhjcctivity  at  face  value  makes  certain  important  areas  of  interest  inadmissible 
to  scientific  inquiry.  Allport  (I9ii7)  suiSiied  up  this  problem  in  his  charge  that 
psychology' s  addiction  to  the  machine  model,  and  its  attendant  preoccupation 
with  lower  animals  as  ideal  subjects,  has  resulted  in  an  inability  on  the  part 
of  systematic  psychology  to  adequately  accommodate  the  most'  important  aspects 
of  human  behavior  —  moral  natui-e  and  social  sldlls.  This  sentiment  has  been 
expressed  more  recently  by  Koch  (1961),  vjho  insists  that  major  psychological 
problems  require  the  degree  of  sensitivity  to  the  subtleties  of  individual 
experience  identified  with  the  liumanitios.  The  physicalistic  orientation  of 
psychologists  also  has  been  accompanied  by  a  preoccupation  on  their  part  with 
situational  variables  end  an  ignoring  of  value  properties  intrinsic  in  behavior 
itself.  Kebb  (I9i2}  has  admitted  that  present-day  psychological  theorizing  is 
inadequate,  but  he  argues  that  this  does  not  result  from  the  use  of  the 
physiological  idiom,  but  rather  from  the  use  of  an  ali'eady-dated  set  of 
physiological  concepts.  In  his  view  (I9U6),  the  central  problem  of  psycliology 
is  the  problem  of  thought,  and  the  poripheralistically-oricnted  physiology  of 
the  1920' G  prevalent  ar.iong  many  present-day  psychologists  is  not  conceptually 
adequate  to  handle  the  matter  of  behavioral  processes  identified  with  higher 
brain  centers. 

The  central  concept  identified  with  the  metliodological  approach  of 
behavioral  science  is  tliat  of  intersubjectivity,  ’  i.c.,  the  rcqudi’oiiienb’ that  all 
observations  be  capable  of  confirj.iation  by  more  than  one  observer.  This  has 
meant  to  most  psychologists  of  the  past  several  decades  that  their  proper 
subject  natter  is  circumscribed  by  tlie  operations  that  yield  dispositional 
concepts  and  those  that  constitute  empirical-logical  linlcs  between  the  hypo¬ 
thetical  and  the  dispositional  levels.  That  is  to  say,  one  may  deal  only  with 
events  of  a  public  character  or  processes  directly  linked  to  them.  Zener  (I9i'0) 
meanwhile  has  siiggected  that  the  critci-ion  be  broadened  from  one  of  intorsuhjcc- 
tivc  agreement  to  one  of  repeatibi  li  ty  of  obtained  coiwol  ati  ons  betvieen  sets 
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of  conditions  and  experiential  report.  This  is  not  far  from  niiat  logical 
positivists  themselves  are  non  saying.  Carnap  (1936,  p.  70-71),  for  example, 
comments:  "Although  many  of  the  alleged  results  of  introspection  vjere  indeed 
questionable,  a  person's  anai-eness  of  his  onn  state  of  imagining,  feeling,  etc., 
must  be  recognised  as  a  liind  of  observation  in  principle  not  differing  frem 
external  observation  and  therefore  as  a  legitimate  source  of  knowledge,  though 
li:riited  by  its  subjective  character."  If  the  admissibility  of  intrapersonal 
observation  as  objective  observation  is  recognised,  then  the  methodological 
problem  becomes  one  of  technical  competence,  not  logical  constraint,  and  the 
experimentalist  in  psychology  faces  the  need  to  enhance  each  observer’s  range 
of  sensitivity  to  his  ovjn  reactions  and  his  precision  and  reliability  in 
transforming  these  into  data. 

It  is  apparent  that  the  pub lie -private  dichotomy  present  in  the  original 
Behavioristic  criterion  for  dcfixiing  the  admissibility  of  data  results  from 
some  confusion  between  the  nature  of  observations  and  the  nature  of  data. 
Observations,  whether  they  be  of  one's  own  dreaiis  or  involve  the  pointer 
readings  so  frequently  mentioned  by  the  operationists,  are  always,  in  the 
final  analysis,  subjective  and  private.  Data,  on  the  other  hand,  whether 
they  describe  dreams  or  pointer  readings,  are  always  public  in  nature,  for 
they  are  human  conventions  devised  for  the  communication  of  information  derived 
from  observations.  The  matter,  therefore,  is  not  one  of  public  versus  private 
realms  of  observation.  Rather,  it  is  a  matter  of  efficiency  —  i.e,,  the 
completeness,  precision,  and  reliability  —  with  which  observations  are  trans¬ 
formed  into  data. 

This  all  suggests  that  behavioral  phenomena  arc  physical  phenomena  in 
quite  another  sense  —  that  is,  they  have  the  same  formal  properties  that  the 
phenomena  of  physical  science  have.  They  yield  data  which  are  objective  and 
replicable  and  they  are  accounted  for  in  terms  of  general  principles,  which, 
like  physical  lav;s,  are  assumed  to  be  invariate  for  all  situations  to  which 
they  apply.  T^us,  as  -‘idams  (l95U,  p.  66)  has  put  it,  "A  sentiment  or  a 
psychical  system  or  a  superego  is  Just  as  physical  a  notion  as  a  cell  assenixly, 
an  engram,  a  reflex  arc  ,  or  oven  an  atom." 

The  problem  of  generality  has  a  special  reference  for  the  psychologist, 
for  he  is  faced  viith  extrapolating  from  one  phyletic  level  to  another.  A  study 
of  the  interpretative  activities  of  the  experimental  psychologist  suggests  in 
these  activities  that  he  taices  recoirrse  to  analogy.  To  the  extent  that  he  can 
assume  that  the  actions,  past  history,  and  the  biological  nature  of  another 
organism  in  a  particular  situation  reset, ible  I’hat  he  concludes  his  own  viould  be 
in  that  situation,  he  will  identify  behavior  in  terms  of  his  own  behavior  and 
experience.  The  confidence  that  he  attributes  to  these  interpretations  will 
vary  directly  with  the  degree  of  judged  similarity  between  himself  and  the 
organism  observed. 

2.  Behavioral  phenomena  are  complex.  It  has  become  increasingly  clear 
in  the  last  decade  that  even  the  simplest  behavioral  phenomenon  represents  a 
complex  of  determining  processes.  This  recognition  is  seen  in  many  quarters : 
e.g.,  in  Hebb's  plea  (1932)  for  an  enlightened  use  of  physiological  models, 
in  his  identification  (I9ii9)  of  thought  as  the  central  problem  of  psychology, 
and  in  his  theoretical  interpretation  (191:9)  of  the  course  of  perceptual 
learning^  and  in  Koch's  criticism  (1961)  of  extant  theories  of  motivation  and 
his  conviction  that  an  understanding  of  the  inajor  problems  of  psychology  rcquii-e 
levels  of  experiential  sensitivity  identified  !iith  the  huidanitics .  The  current 
interest  in  perception  also  typifies  this  awareness  of  complexity.  Classical 
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int.rospectionism  concentrated  its  attention  upon  the  sensory  processes,  which 
it  viewed  as  the  simple  building  blocks  of  perception.  Its  studies  of  those 
phenomena  were  lindted  exclusively  to  the  identification  of  their  physical 
stimulus  correlates.  In  contrast  to  this  approach,  since  the  late  19ii0's 
there  have  been  widespread  intei’ests  in  perception  that  have  involved  a  con¬ 
sideration  of  its  motivational  deternanants,  and  the  effects  of  both  specific 
practice  and  generalized  learning  upon  it.  Other  interests  in  perception 
hove  involved  eai’ly  experience,  social  factors,  personality  organization, 
unusual  environments  (for  example,  those  involving  iTiarked  enhancement  or 
reduction  in  level  of  stimulation  as  well  as  imbalances  in  the  atmosphere 
and  extremes  of  temperature),  the  influence  of  daiaage  to  the  central  nervous 
system  and  tho  subtle  and  diffuse  effects  identified  with  drugs  and  changes 
in  endocrine  status.  Traditional  psychophysical  theory,  in  both  its 
Fechnerian  and  modern  version,  assumes  that  judgmental  magnitudes  are  adequately 
specified  by  reference  to  corresponding  physical  stimulus  magnitudes  (Guilford, 
195^1,  Ch.  2;  Stevens,  1997).  In  contrast,  Idaptation-Level  Theory  (e.g.,  Helson, 
1959)  formally  recognizes  three  classes  of  deteri.iining  variables:  (a)  the  focal 
stimulus  of  traditional  psychophysics,  (b)  the  immediate  baclcground,  of  major 
concern  to  Gestalt  psychology,  and  (c)  residual  stimulation,  which  includes  a 
wide  range  of  deteri.iinants,  both  identified  and  non-identified,  but  which,  it 
may  reasonably  be  assumed,  are  predor.iinantly  of  central  origin. 

The  awareness  of  complcxitj’"  on  the  part  of  the  present-day  experimental 
psychologist  is  seen  in  certain  broad  attitudes  and  approaches .  He  has  of 
late  shown  more  reticence  about  extrapolating  expe rinse ntal  results  across 
species  and  situations.  In  his  animal  experiments  he  has  to  an  increasing 
degree  chosen  species  closer  to  nan  on  the  evolutionary  scale  than  the  vdiite 
rat,  and  in  his  theoretical  exercises  he  no  longer  view’s  the  rat  as  a  simpler 
version  of  the  human  machine.  After  fiany  jrears  of  relative  neglect, 

Brunswick's  notions  (1956)  of  representative  design  and  ecological  validity 
have  caught  hold  and  more  serious  attempts  to  simulate  in  the  laboratory  the 
situation  to  which  t!ie  experimenter  wishes  to  generalize  his  results  are  in 
evidence  —  most  frequently  this  means  "the  situations  of  everyday  life". 

Greater  concern  is  evidenced  for  the  effect  upon  his  data  of  procedural  vai'iahllGs 
such  as  order-effects,  instructions,  individual  differences  in  experimenter 
technique,  personality  characteristics  of  both  experimenter  and  subject,  sex 
differences,  and  incidental  situational  factors. 

Still,  the  profound  influence  of  the  experimenter  upon  experimental  data 
is  only  partially  formally  recognized  (licGuigan,  I962) .  At  the  same  time,  use 
of  complex  experimental  designs  is  v/idespread  by  all  but  the  most  committed  of 
the  students  of  opei'ant  conditioning  to  control  incidental  variables  as  vjell 
as  to  identify  subtle  behavioral  determinants.  {These  latter  are  more  incilnnod 
to  confine  themselves  to  situational  vai'iables  and,  at  least  in  prototj'pe, 
eschew  the  goal  of  general  pi-Gd5ctabi  lity  (Si;inncr,  1938)3  Even  when  interest 
is  confined  to  tho  role  of  the  focal  stimulus  in  behavior,  tiiis  now  tends  to 
be  marked  by  a  greater  sensitivity  to  subtle  relations  in  the  stimulus  array  — 
as  in  Gibson's  analysis  (l950)  of  the  stimulus  determinants  of  impressions  of 
form  in  depth  —  than  has  heretofore  been  the  case. 

However,  the  recognition  of  complexity  at  the  empirical  level  should  not 
bo  confused  with  the  goal  of  conceptual  sijaplicity  liiich  the  experimental 
psychologist  shares  with  other  scientists.  It  would  appear  that  even  the 
most  empirically-mi nrlnd  scientist  is  not  content  idth  the  production  of  data 
alone.  Observations  must  be  fitted  tngGfnRr  ints  an  explanatory  scheme  that 


is  locically  adequate  to  the  donain  into  uhich  the  data  fall  and  which  at  the 
sane  tine  is  neat,  deft  in  contrast  to  clunsy,  and  pleasing.  'Jhy  the  conceptual 
schene  nust  be  simple  and  aesthetically  satrsf^in^  are  profound  psycholocical 
problems  that  we  do  not  purport  to  ans^ijer  acre.  Suffice  it  to  say  that 
aesthetic  satisfaction  appears  to  be  the  ^.oal  of  all  creative  work  and  this 
aspect  of  the  problera  is  extra-locical.  it  the  same  time,  the  task  of  iden¬ 
tifying  what  shall  constitute  a  conceptually  simple  explanation  involves 
certain  logical  considerations.  If  we  examine  many  of  the  tlieories  that  have 
been  extant  in  the  past  several  decaaes  one  is  led  readily  to  the  suspicion 
that  the  common  practice  has  been  to  begin  with  a  point  of  viei-i  and  tlicn  to 
work  to  preserve  its  integrity  by  the  reclassification  and  exclusion  of  data 
that  it  fails  to  accommodate  and/or  by  the  introduction  of  auxiliary  hypotheses. 
Popper  (1959)  has  made  much  of  the  subtlety  of  the  epistemological  problem 
of  simplicity. 

How  knowledgeable  the  working  scientist  must  become  of  the  logician's 
analyses  is  a  matter  of  practical  concern.  At  present,  he  regards  as  most  simple 
the  theory  that  adequately  accommodates  with  the  smallest  number  of  assumptions 
the  largest  number  of  phenomena  within  its  domain.  Furthermore,  the  assumptions 
are  expected  to  be  general  and  a  priori  rather  than  special  and  ad  hoe. 

3.  Behavioral  data  may  be  scaled  or  otherv>ise  subjected  to  quantification. 
The  physical  science  ideal  and  the  goal  of  scaled  data  are  synonymous.  Adopting 
the  approach  of  the  physical  sciences  as  a  methodological  model  is  tantamount 
to  a  committment  to  quantification  and  to  measurement  as  the  physical  sciences 
achieve  it.  In  its  most  efficient  form  this  moans  identifying  observations  as 
numbered  positions  along  a  single  dimension  which  may  be  summarized  by  the 
operations  of  arithmetic. 

For  the  experimental  psychologist  it  is  not  so  much  a  matter  of  whether  or 
not  he  can  quantify.  This  is  ultimately  a  matter  of  the  convention  he  will  use 
to  describe  his  observations  and  it  vjill  be,  in  some  respects,  at  least, 
arbitrary  once  his  measurement  model  is  selected,  father  it  is  a  matter  of 
what  level  of  quantification  is  most  efficient  with  the  phenomena  he  has  under 
studyi  that  is  to  say,  what  form  ef  quantification  communicates  the  maximum 
amount  of  information  TJithout  distortion. 

Vlhat  levels  are  possible  with  behavioral  data  can  be  understood  at  least 
partly  by  reviewing  the  !d-nds  of  operations  the  experimental  psychologist 
performs  vjhen  he  collects  data.  The  great  diversity  of  data  that  characterizes 
behavioral  science  can  be  identified  in  terms  of  taio  kinds  of  quantification; 

(1)  counting  and  (2)  measures  of  intensity.  The  rational  processes  involved 
in  the  formalization  of  data  are  either  discriminational  or  judgr.iental,  although 
in  the  case  of  any  particular  datum,  which  is  involved  may  be  unclear.  In  the 
case  of  the  discriminational,  tho  experimenter  need  only  identify  the  occurrence 
or  non-occurrence  of  an  event  (the  event  may  itself  be  the  occurrence  or  non¬ 
occurrence  of  a  difference  a.::ong  events).  In  contrast,  the  judgmental  requires 
the  assessment  of  degree  of  magnitude  or  the  identification  of  scalar  position 
relative  to  some  criterion  dimension. 

Tlie  ultimate  forj.i  that  data  take  is  not  perfectly  correlated  vdth  the 
nature  of  the  collection  process.  Some  counting  data  presuppose  judgmental 
evaluation  of  several  individual  occurrences  before  discriminations  caii  be 
made.  On  the  other  hand,  some  measures  of  intensity  are  derived  from  counting 
data  and  certain  assumptions  about  the  relationship  of  the  frequency  distribution 
of  these  data  to  an  underlying  intensive  continuum.  For  example,  if  one  is 
interested  In  quantifying  the  preponderance  of  cigarette  smoking  in  a  parti cmI.tp 
group,  he  will  undoubtedly  count  the  nui.ber  of  smokers  involved.  Bwt.  first  he 


must  set  criteria  for  the  identification  of  smokers  and  classify  each  case 
before  a  count  can  oe  made,  iicanvjhile,  if  one  wishes  to  estimate  tlie  maximum 
height  an  individual  can  jump^  one  has  him  scale  a  barj  beginning  at  a  height 
he  can  successfully  negotiate  on  ICOfj  of  the  trials  allov/ed.  This  procedure 
is  then  repeated  witli  the  bar  a  fixed  increment  higher  on  successive  trials 
until  his  l(X)fo  success  is  transformed  into  100^  failure.  The  scale  value 
corresponding  to  this  frequency  count  then  becomes  a  reasonable  estimate  of 
the  magnitude  sought. 

The  coup lame ntar it y  of  counting  and  intensive  measures  relates  to  the  fact 
that,  almost  without  exception,  scientific  data  are  representational.  This  is 
the  case  regardless  of  whether  the  conventions  the  scientist  uses  to  describe 
the  data  come  from  his  own  experience  or  are  acquired  from  physics.  Rate  of 
bar-pressing  in  the  white  rat  may,  depending  upon  the  circumstances,  indicate 
sensory  discrimination,  strength  of  drive,  or  level  of  learning.  The  only 
instance  in  vjlrLch  behavioral  data  constitute  direct  quantification  is  ijhen 
the  psychologist  is  interested  in  performance  phenomena  per  se  and  here  the 
nomenclature  is  the  same  as  that  of  molar  physics:  latency,  duration,  speed, 
magnitude  of  output,  efficiency,  etc.  Even  in  the  case  of  performance  phenomena, 
none  of  the  measures  involved  are  fundaiTiental  in  the  same  sense  that  certain 
physical  dimensions  like  distance,  mass,  and  time  are  fundamental,  i.e., 
independent  of  other  r,Teasures  for  their  specification  (Campbell,  1928) . 

The  e:q)erimental  psychologist  ’..’as  comiTiitted  to  quantification  over  one 
hundred  years  ago  by  Herbart,  by  Rbber,  and  by  Fechner.  In  his  Psychologic  als 
Uissenschaft.  Herbart  argued  iliat  psychology  vjas  a  mathematical  science. 

Herbart' s  mathematics,  however,  was  not  measurement  mathematics  but  the 
elaboration  of  rational  equations  in  the  service  of  a  particular  metaphysics, 
and  it  has  not  survived.  But,  along  with  -eber's  empirical  principle  linlcLng 
the  difference  threshold  to  stimulus  magnitude,  it  did  provide  the  basis  for 
Fechnerian  psychophysics,  the  prototype  of  iicasurement  in  psychology. 

R  metaphysician  and  mystic  as  ’well  as  a  physical  scientist,  Fechner 
believed  that  if  the  psychophysical  relationship  could  be  quantified,  the 
mind-body  problem  could  be  resolved.  The  solution  he  proposed  he  referred  to 
as  Vj'eber's  Law.  This  he  deduced  ffom  several  assumptions;  That  for  every 
physical  magnitude  within  the  sensible  range  there  exists  a  corresponding 
sensory  magnitude;  that  the  origin  of  sensory  dimensions  coincides  with  the 
absolute  tlireshold;  and  that  from  the  Weber  ratio  it  may  be  properly  inferred 
that  the  difference  linen  (or  any  small  increment  in  the  stimulus)  cori-esponds 
to  a  constant  distance  on  the  sensory  dimension.  Since  differential  scnsitivjty 
is  proportional  to  stimulus  magnitude,  the  psychophysical  relationship  is 
inferred  to  be  a  logarithmic  one; 

Judgtaent  =  C  (log  Judged  Stimulus  -  log  Absolute  Threshold  Stijnulus)  . 
The  construction  of  a  psychophysical  function  then  would  involve  basically 
two  measures;  a  dotennination  of  the  absolute  threshold  and  the  jnd,  and  the 
cumuiation  of  jnds  from  the  origin  over  the  sensible  range. 

Fechner  denied  the  possibility  that  sensations  could  be  measured  directly, 
All  one  could  do  was  to  count  the  frequency  with  which  sensations  (or  sensory 
differences)  vjere  present  or  absent.  Tliis  is  equivalent  to  constructing  a  set 
of  conditional  probabilities  reLating  a  series  of  stimuli  to  a  criterion 
response.  Thurstone  (l927a,  1927b)  turned  this  reasoning  ai'ound.  The  true 
judgmental  magnitude  corresponding  to  any  stimulus  magnitude  is  held  to  be  the 
mode  of  a  distribution  of  lesponses  given  to  that  nmgnitnde.  Assuming  that 
the  response  dispersion  for  any  stimii.hir.  i  r,  nonne],  the  di  sci-jminat.ion  of  this 
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stimulus  from  any  other  reflects  the  decree  of  overlap  of  the  t\io  dispersions 
involved,  h'hen  overlap  is  small  the  tu-e  stiruili  are  easily  discriminated j 
uhen  it  is  £reat,  they  are  readily  confuse-...  Since  the  degree  of  dispersion 
may  be  expressed  in  terms  of  any  coranon  measure  of  variability^  the  specifi¬ 
cation  of  sense  distance  becomes  possible.  This  is  formally  stated  as  the 
law  of  comparative  judgment: 

2  Q  - — 

Judgmentj  -  Judgment^  -  ?  a  j  *  ^  2  ~ 

where  ^  is  tha  proportion  of  times  one  stimulus  is  judged  higher  than  the  other, 
and  and  a  are  the  variances  of  the  perceived  values  produced  by  the 
tv!o  st  imuli . 

The.  solution  of  this  equation  thus  replaces  the  jnd  as  Thurstone's  measure 
of  distance.  Its  presumed  advantage  is  that  it  allovjs  for  the  construction  of 
psychological  continuua  regardless  of  the  nature  of  the  stimulus  scale  —  indeed, 
even  in  cases  (e.g.,  attitudes,  beliefs,  etc.)  ;-ihere  a  physical  continuum 
evades  ready  identification  or  logically  does  not  exist. 

Of  late,  both  Fechner's  and  Thurstone's  approaches  to  scaling  have  come 
in  for  serious  criticism.  For  some  time  the  h’eber  fraction  has  been  knoiin  not 
to  be  constant  tliroughout  the  sensible  range  of  the  several  sensory  continuua, 
and  recently  Stevens  (1957,  1958b)  has  presented  data  suggesting  that  jnd's  are 
not  equal  in  size.  Luce  and  iiduards  (1958),  meanwhile,  have  pointed  up  certain 
weaknesses  in  Fechner's  mathematical  reasoning.  The  most  serious  challenge, 
however,  resides  in  Stevens'  (l96l)  argument  that  it  is  not  only  empirically 
unjustified  but  logically  untenable  to  generate  scales  from  measures  of  confusion. 
"Stai'ting  from  scales",  he  states  (I96I,  p.  37),  "we  can  determine  error  distri¬ 
butions,  but  starting  from  assumed  error  distributions  we  cannot  establish 
scales."  To  replace  the  VIeber-Fechner  law  and  the  law  of  comparative  judgment, 
he  presents  the  power  law. 

Using  direct  estimation  methods  in  w'hich  the  subject  is  required  to  identify 
his  judgment  in  terns  of  a  numerical  scale  referenced  to  an  az'bitrary  value 
assigned  some  reference  stimulus  (e.g.,  tae  effective  threshold),  Stevens  (l95o) 
has  assembled  data  on  more  than  twenty  sensory  dimensions  from  which  he  has 
constructed  rectilinear  log-log  psychophysical  functions  with  slopes  varying 
between  .3  and  3.5*  These  exponents  identify  the  power  relationship  in  the 
po;jer  lav;: 

Judgment  r  C  (Judged  Stimulus  -  Effective  Threshold)^ 
where  C  is  a  constant  having  to  do  v:ith  the  magnitude  of  the  numbers  used  in 
the  response  scale  and  n  is  the  exponent  of  the  power  function. 

Stevens  has  concluded  that  the  povier  lav;  allows  the  construction  of  ratio 
scales.  Hov;ever,  this  conclusion,  as  Kosner  points  out  (I962),  needs  qualifi¬ 
cation.  On  physical  ratio  scales,  both  intervals  and  ratios  are  defined.  In 
addition,  intervals  and  ratios  are  linearly  related.  If  Stevens'  scales  are 
true  ratio  scales,  interval  judgments  would  be  a  linear  function  of  ratio 
judgment.  But  as  Stevens  him.self  has  shov;n  (Stevens  and  Galanter,  1957), 
category  scales  are  concave  dovjnvjard  when  plotted  against  magnitude  estimation 
scales.  Fur’thcrmore,  recent  data  (Black  and  Sevan,  I96O3  Bevan  and  Pritchard, 
1962)  which  deiiaonstrate  that  subliminal  stimuilation  nay  induce  shifts  in  category 
scale  valuo.s  raise  doubt  concerning  the  absolute  iii.agnitude  of  Stevens'  reference 
values. 
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Garner,  Hake,  and  iiriksen  (1956)  have  recently  suggested  that  in  direct 
magnitude  estimations  the  subject  is  actually  matching  the  perceived  stimulus 
magnitude  with  subjective  impressions  of  ircnber,  and  if  the  psychophysical 
function  for  number  were  taken  into  account,  tne  difference  between  equal-interval 
(psychophysical  category  scales  are  generallj’'  treated  as  equal- interval  scales) 
and  direct-magnitude  scales  would  be  resolved.  If  one  considers  the  dimensions 
of  sensory  intensity  and  subjective  number  both  to  be  special  cases  of  a 
general  scale  of  subjective  magnitude,  then  a  subjective  number  becomes  the 
reference  stimulus  against  '.’hich  the  judgments  of  magnitude  are  scaled. 

Subjective  values  for  nuinbers  are,  we  know,  not  fixed,  but  depend  upon  the 
number  context  in  which  they  occur.  Viewed  in  this  light,  the  nuj^er  reference 
value  becomes  a  part  of  the  judgmental  background  specified  by  adaptation- 
level  t'neory. 

According  to  tiiis  latter  point  of  view  (cf.  c.g.  Helson,  1959)  j  the 
judgmental  reference  value  is  the  product  of  both  what  kosner  refers  to  as 
first-order  (stimulus)  and  second-order  (contextual)  independent  variables. 
Formally  defined,  it  is  as  follows: 

AL-  SP,  sq, 

Where  A.L.  is  the  reference  value,  S  is  an  average  of  the  stimuli  being  judged, 

B  is  the  present  background  stimulation  against  wiiich  judgment  occurs,  and 
R  is  residual  stimulation,  i.e.,  those  aspects  of  context  contributed  by 
past  experience  and  other  \'-ariabies  not  formally  identified  in  the  psychophysical 
experiment.  In  many  psychophysical  experiments  the  experimental  situation  is 
such  that  the  residual  is  effectively  zero.  For  such  instai'ices,  the  expression 
may  be  written:  AL  =  SP  BR.  Since  individual  jtidgraents  are  referenced  to 
adaptation- level,  they  may  be  described  as  follows: 

Judgment-  =  -  AL 

where  Si  is  the  magnitude  of  the  stimulation  processes  associated  with  the 
stimulus  being  judged. 

If  it  is  assumed  that  there  is  some  general  constant  that  defines  the 
relationship  between  the  physical  and  the  subjective  scale  involved. 

Judgment  =  (Sj^  -  AL)^. 

Vfhen  the  power  law  is  written  as  the  general  case,  it  is  as  follows: 

Judgment  =  . 

Uhen  it  is  recognized  that  scalar  magrn.tude  is  referenced  to  the  effect! 
threshold,  it  becomes: 

Judgment  =  (Sj^  -  Sq)^. 

Row,  if  the  effective  threshold  is  identified  with  the  subjective  neutral 
point  rather  than  the  absolute  tlircshold  and  thus  rendered  equivalent  to  A.L., 
the  expression  becomes: 

Judgment  =  (S^  -  AL)^, 

and  the  power  lavj  is  seen  to  be  a  special  case  of  the  adaptation-level  pi-jnoiplF*, 
derived  from  situations  in  which  the  contribution  of  B  and  R  variables  is 
usually  relatively  small. 

All  of  the  approaches  to  quantification  reviewed  here  have  involved  the 
same  measurement  model,  the  single  linear  dimension  of  classical  physics.  There 
is  currently  much  concern  with  the  fact  that  in  many  judgmental  situations, 
stimuli  to  be  judged  vary  simultaneously  on  several  dimensions.  This  has  led 
to  two  kinds  of  work:  (l)  ej.ipirical  studies  in  which  a  limited  number  of 
dimensions  are  syste;iiatioaniy  covaried  and  the  effect  of  this  upon  judgment 
ascertained  (Turner  and  Bevan,  1962j  Eevan  and  Turner,  I962) ,  and  (2)  the 
elaboration  of  scaling  theory  to  aoeommodato  nets  of  stimuli  which  vary  on 
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an  unknown  number  of  dimensions.  In  this  latter  instance,  stimuli  are 
represented  as  points  in  Luclidian  space,  the  similarity  of  any  two  being 
indicated  by  the  distance  they  are  apart  in  ti’is  space  (cf,  e.g.  Messick, 

1956]  Torgerson,  1958). 

The  Materials  of  the  Experimental  Psychologist. 

The  goal  of  the  experimental  psychologist  is  to  establish  scientific 
facts.  These  differ  from  other  kinds  of  facts  --  legal  facts,  theological 
facts,  etc.  —  in  that  they  result  from  the  application  of  jiiethods  vjhich 
differ  in  certain  important  ways  from  those  used  in  the  non-scientific 
disciplines.  But  most,  if  not  all,  facts  have  one  thing  in  coimion:  they  are 
derived,  on  the  one  hand,  from  concepts  and  on  the  other  from  data.  "All 
that  is  factual,"  Goethe  is  said  to  have  observed,  "is  already  theory".  Facts 
take  shape  against  a  conceptual  background.  At  the  same  time,  new  concepts 
grow  out  of  already  established  fact  (Bevan,  1953) • 

On  the  use  of  models.  The  conceptual  frainework  of  the  experimental 
paychclogist  is  many-faceted.  Certain  assumptions,  as  I  have  noted  above, 
are  related  to  the  general  nature  of  psychological  phenomena.  Others  are 
related  to  the  nature  of  psychology  c  an  intellectual  discipline  and  the 
methods  appropriate  to  its  pursuit.  On  these  are  overlaid  the  particular 
theoretical  bias  iJith  vjhich  the  investigator  feels  congenial.  Inspection 
of  the  activities  of  the  experimental  worker  as  he  formulates  a  problem 
prior  to  conducting  an  experi/aent  and  as  he  prepares  to  interpret  his  data 
after  this  experiment  is  completed  reveals  a  frequent  preoccupation  with 
analogical  reasoning.  This  helps  him  to  see  the  nature  of  the  relationships 
he  anticipates  emong  his  data  before  they  are  collected  and  to  tie  them 
together  with  other  data  after  being  collected.  Much  has  been  written  in 
recent  years  about  the  place  of  models  in  the  logic  of  science.  Braithuaite 
(1953),  for  example,  has  commented  at  length  concerning  the  relationship  of  t'^e 
model  to  the  corpus  of  a  theory.  Von  Bertalanffy  (1952)  has  classified  models 
into  contrasting  types  according  to  i;hether  they  are  static  or  dynamic,  molecular 
or  molar,  and  material  or  formal.  And  in  addition,  Lachman  (i960)  has 
differentiated  four  types  of  nodular  function:  as  a  mode  of  representation, 
as  rules  of  inference,  as  interpretations  of  the  calculi  of  theories,  and  as 
pictorial  representations. 

In  addition,  distinction  must  be  made  between  the  logician's  concern  for 
the  formal  properties  of  models  and  the  practicing  experimenter's  use  of 
models  as  instruments  of  science-making.  The  letter  typically  will  not 
(nor  need  not)  give  any  more  attention  to  the  logical  pi-operties  of  the 
model  than  he  will  to  the  internal  workings  of  a  piece  of  equipment  that 
he  uses  in  data  collection.  Of  course,  he  must  discover  when  it  is  appropri ntr. 
to  use  the  modol,  and  when  a  disanalogy  exists]  that  is,  when  the  model 
differs  in  some  important  respect  from  the  empirical  relat'ionships  obtaining 
among  the  variables  of  his  experiment.  But  this  last  is  a  matter  of  common 
sense,  experience,  intuitive  skill,  conceptual  artistry  —  things  wliich  are 
not  the  necessary  consequences  of  preoccupation  with  logical  form  and 
structure.  Indeed,  it  seems  highly  probable  that  the  practicing  experi¬ 
menter's  use  of  models  is,  in  principle,  .more  simple  and  direct  than  logical 
analysis  might  lead  one  to  expect.  Models  :iiust  be  simple  and  direct  to  be 
effective  and  subtlety  exists  not  in  their  structure  but,  as  Oppenlieimer 
put  is  (1956),  in  finding  the  disanalogy  that  vjill  enable  the  scientist  to 
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preserve  what  is  ripht  about  his  analogy,  bach  of  the  laws  of  Newtonian 
mechanics  may  be  extended  to  atomic  mechanics  if  it  is  assumed  that  the 
momentum  and  the  coordinate  are  not  nun'bers  but  objects  such  that  the  product 
of  the  momentum  and  the  coordinate  is  not  the  same  as  the  product  of  the 
coordinate  and  the  momentum^  but  that  the  difference  between  these  two  products 
is  an  imaginary^  universal^  atomic  constant  (Oppenheimer^  1956). 

Too  much  cannot  be  said  for  recognizing  the  importance  of  common  sense 
to  the  activity  of  model-making,  l.'hile  it  is  true  that  the  instrinnents  of 
a  science  make  possible  concepts  and  data  that  transcend  the  realm  of 
ordinary  experience,  this  does  not  mean  that  what  we  learn  of  nature  from 
ordinary  experience  lies  outside  our  science.  Oppenheimer  (1956)  describes  a 
number  of  ideas  identified  with  common  sense  that  have  been  incorporated  into 
modern  physics  after  300  years  of  rejection  from  physical  doctrine:  the 
physical  world  is  not  completely  determinate;  there  is  a  limit  to  what  can 
be  objectified  without  reference  to  the  actual  operations  of  observations; 
the  phenomena  being  studied  are  inseparably  linJced  to  the  methods  of  study 
in  the  evolution  of  data;  events  are  indivisible,  individual,  and,  in  their 
essentials,  not  reproducible. 

Finally,  it  is  also  important  to  recognize  that  success  in  the  formalization 
of  a  science  depends  upon  its  level  of  development,  hegardless  of  the 
methodological  sophistication  of  its  adherents,  one  cannot  expect  the  same 
degree  of  conceptual  articulation  in  a  field  with  few  firmly  established  facts 
or  general  principles  as  one  finds  in  a  more  advanced  field.  Certainly,  to 
transpose  a  model  from  one  science  to  another  when  the  relationships  between 
the  two  sciences  are  not  clearly  understood  is  an  exercise  of  indeterminate 
merit.  The  fact  that  most  discussions  of  the  problems  of  theory  construction 
and  other  matters  in  the  philosophy  of  science  which  are  written  by  psychologists 
draw  heavily  upon  phj^sics  for  illustrative  material  rather  than  upon  psychology 
itself  prompts  the  suspicion  that  a  preoccupation  with  issues  of  so  highly 
systematic  a  nature  may  be  somevdiat  premature. 

On  the  nature  of  data.  As  was  noted  earlier,  there  is  an  important 
difference  between  observations  and  data.  Data  are  statements  that  describe 
observational  events.  They  may  be  expressed  in  many  forms  —  in  the  natural 
language  of  every-day  speech,  in  the  technical  language  of  some  particular 
intellectual  discipline,  in  graphic  form,  and  in  terms  of  one  or  another 
form  of  mathematics.  However,  regardless  of  their  form  of  expression,  all 
data  have  one  thing  in  comraon:  They  symbolically  represent,  they  do  not 
reproduce,  observations.  Different  forms  of  data  comunicate  information 
from  observations  with  different  degrees  of  efficiency.  The  non-technical 
verbal  forms  of  everyday  life,  while  they  provide  the  richest  vocabulary  for 
the  description  of  experience,  at  the  same  time  are  the  most  imprecise.  In 
contrast,  the  formal  language  of  a  mathematical  system,  while  its  range  of 
expression  may  be  comparatively  limited,  will  convey  information  with  a 
minimum  of  excess  meaning.  None  will  completely  describe  an  observation 
which  the  observer  regards  to  be  important  or  otherwise  relevant.  This  is 
further  complicated  by  the  apparent  fact  that  observers  differ  in  the  sensi¬ 
tivity  and  the  comprehensiveness  of  their  observations. 

Psychological  data  fall  into  two  broad  classes:  those  having  to  do  with 
the  behaving  organism  and  those  having  to  do  with  the  situation  in  which 
behavior  occurs.  Situational  data,  in  turn,  are  of  two  general  types:  stimulus 
data,  those  related  to  events  impinging  upon  the  org.anism,  and  response  data, 
those  describing  the  organi.sm's  rcacUcn  to  stimuli.  The  tradition.nlly  dnfined 
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cxperiir.ental  psychologist  (perhaps  because  the  classical  psychophysicist  has  I 

for  so  long  viewed  the  psychophysical  proble;n  as  one  of  quantifying  the  I 

correspondence  between  physically  defined  stimuli  and  sensation  and  perhaps  I 

because  the  classical  behaviorist  for  so  long  Insisted  upon  equating  I 

objectivity  with  the  language  of  physical  science)  has  directed  his  attention  | 

for  the  most  part  to  situational  variables.  Kelatively  little  interest  over 

the  years  has  been  evidenced  in  laboratory  studies  of  behavioral  development, 

of  individual  differences,  of  behavioral  genetics,  etc.  By  the  same  token, 

little  formal  concern  in  experimental  design  has  been  evidenced  for  variables 

like  pre-test  experience  and  differences  in  temperament.  Meanwhile,  it  is 

becoming  increasingly  clear  to  the  experimental  psychologist  that  it  is 

possible  to  perform  perfectly  good  experiments  without  being  committed  to 

the  classical  S-R  epistemology,  that  the  biggest  difference  in  the  laboratory 

work  of  the  physicalist  and  the  phenomenalist  may  be  one  of  precision,  and  that 

quantification  is  not  limited  to  the  dimensions  of  physics,  ^hus,  one  may  in 

principle  investigate  curiosity  as  readi3y  as  hunger  and  measure  attractiveness 

as  easily  as  brightness. 

Indeed,  if  one  examines  the  laboratory  practice  rather  than  the  meta¬ 
physics  of  the  experimental  psychologist,  one  will  soon  discover  that  purely 
physical  knowledge  has  never  been  adequate  to  the  identification  of  stimuli 
and  responses.  To  begin  with,  stimuli  are  identified  by  their  capacity  to  i 

evoke  particular  kinds  of  responses,  and  the  experimenter,  in  designing  an 
experiment,  falls  back  upon  his  own  experience  as  an  observer  in  the  selection 
of  S-R  variables  to  investigate.  This  is  so  whether  the  subjects  are  human 
or  subhuman.  I  strongly*"  suspect  that  even  the  most  hard-headed  behavioristic 
purist  selects  as  reinforcement  for  his  rats  in  the  lever-pressing  or  T-maze 
situation  objects  which  he  believes  are  meaningful  to  them,  though  he  could 
never  admit  this  in  his  theory.  But  this  last  is  exactly  what  is  necessary. 

Theoretical  exercise  must  be  made  consistent  viith  laboratory  practice,  and 
if  the  identification  of  S  and  R  reflects,  to  use  Koch's  phrase  (l959), 

"the  perceptual  sensitivities  of  human  observers",  this  property  must  be 
incorporated  into  their  definition  within  the  corpus  of  a  theory. 

On  converging  operations.  Two  broad  methodological  problems  are  faced  in 
the  definition  of  stimuli  and  responses i  those  of  validity  and  reliability. 

In  the  case  of  the  former,  concern  is  tliat  the  measures  or  other  operations 

that  the  experimenter  devises  to  represent  a  variable  under  consideration 

are  truly  representative  of  it.  In  the  latter,  interest  is  in  the  consistency  , 

resident  in  the  measure.  For  the  past  30  years  psychologists  have  been 

enthusiastic  advocates  of  the  doctrine  of  operationism  and  in  this  time  the 

literature  reveals  many  instances  of  its  uncritical  application.  Investi  gatoi-r: 

I  appear  to  proceed  to  their  experiments  with  the  assumption  that  if  they  can 

invent  an  operation  to  measure  a  concept  it  will  be  adequate  to  doing  so. 

Thus,  it  may  be  taken  for  granted  that  if  a  rat  is  deprived  of  food  for  a 
■  certain  period  of  time  he  will  be  motivated  to  run  through  a  maze  to  obtain 

a  pellet  of  food  in  the  goal  box  or  if  a  human  subject  is  given  a  short 
tine-interval  to  complete  an  experimental  task  he  \iill  be  working  under  stress. 

Recently,  many  American  pharraaceutical  houses  set  up  operant  conditioning 
laboratories  for  the  screening  of  compounds  ^lithout,  I  ar.;  sure,  aiiy  clear 
notion  of  the  significance  of  such  screening  data. 

Miiether  or  not  a  concept  measured  by  different  sets  of  operations  is  ono 
and  the  same  (i.e.,  whether  length  mpianiircd  by  a  meter  stick  is  the  same  as 
length  measured  by  trianguDati on)  is  a  matter  to  he  settled  bv  the  phi Insopheic  l 
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of  science.  Heanvihilc,  Garner,  Hake  and  llriksen  (1956)  point  out  that 
Bridgman,  in  his  formulation  of  the  principle  of  operational  defirxition,  xiac 
talking  about  sets  of  operations,  and  they  propose  that  confidence  in  the 
validity  of  definition  may  be  enhanced  by  the  planning  of  sets  of  interrelated 
experiments  vjhich  provide  complementary  data  on  variables  under  consideration. 
These  they  call  converging  operations.  Their  discussion  of  perceptual  defense 
is  instructive.  If,  for  example,  recognition  times  are  obtained  for  vulgar 
and  neutral  vjords  and  the  former  are  longer  than  the  latter,  this  difference 
may  be  attributed  to  perceptual  defense.  But  it  may  also  be  due  to  response 
suppression.  In  order  to  discriminate  between  these  two  hypotheses,  an 
experimenter  might  add  a  condition  to  his  experiment  such  that  vulgar  stimuli 
were  used  to  evoke  non- vulgar  responses  and  vice  versa.  Not  all  multiple-' 
operation  experiments  are  converging.  Garner,  Hake  and  Eriksen  (1956) 
indicate  two  types  vjhich  are  not.  (l)  hepeat  operations  may  enhance  the 
reliability  of  the  original  finding  but  they  do  not  clarify  its  nature. 

(2)  Simi]ar]y  transform  operations  in  viiich  one  set  of  conditions  is  simply 
substituted  for  the  original  (e.g.,  synonyms  used  in  place  of  the  original 
vulgar  and  non- vulgar  ’words)  can  do  no  more  than  reinforce  the  original  con¬ 
clusion.  An  impressive  illustration  of  the  value  of  converging  operations 
is  seen  in  Huonzinger's  series  of  experiments  on  the  nature  cf  punishment  to 
be  referred  to  later. 

The  problem  of  reliability  is  more  competently  understood  by  the  experi¬ 
mental  psychologist  and  requires  little  disc’ussion  here.  The  experimenter  has  a 
variety  of  devices  available  to  aid  a.n  achieving  maximum  reliability.  He  may 
use  pointer-readings  rather  than  verbal  descriptions,  he  may  use  more  refined 
equipment,  he  may  employ  a  variety  of  procedural  controls  such  as  counter¬ 
balancing  to  reduce  systematic  effects  associated  with  incidental  variables, 
and  he  may  use  statistical  procedures  to  segregate  the  incidental  sources 
of  variance  once  these  get  into  his  data.  Both  validity  and  reliability 
are  important  concerns,  but  the  former  must  take  precedence  over  the  latter. 
Nothing  is  gained  by  niceties  of  measurement  if  we  are  not  quite  sure  of 
what  we  are  measuring  or  whctl’.er  or  not  it  is,  in  fact,  worth  measuring. 

The  Methods  of  the  Experimental  Psychologist 

There  are  at  least  two  ways  in  which  a  short  section  on  the  methodology 
of  experimental  psychology  can  be  writtenr  one  may  provide  a  cowpenditun  of 
procedures,  or  one  may  attempt  to  identify  the  attitudes  and  assumptions  the 
experimental  psychologist  holds  concerning  his  methods.  We  prefer  the  latter. 

Unlike  many  other  young  sciences,  psychology,  from  its  earliest  period, 
has  emphasized  the  role  of  experimentation  as  the  basic  method  for  carrying 
on  its  affairs.  Unlike  biology,  with  v;hich  it  is  often  identified,  it  has 
had  in  its  history  no  taxonomy  and  no  periods  of  Jiatural  history.  With 
perhaps  the  exception  of  the  nosological  systems  of  the  eai'ly  abnormal 
psychology,  there  has  been  no  preoccupation  with  classification  of  behavioral 
phenomena,  and,  perhaps  with  the  exception  of  certain  recent  publications 
in  human  engineering,  there  have  been  few  if  any  handbooks  of  the  sort 
identified  with  physical  science  and  engineering.  The  emphasis  upon  the 
formal  experiment  appears  to  be  tied  to  the  persistent  demand  for  quantifica¬ 
tion.  It  is  interesting  to  note  that,  in  his  Handbook  of  Hiunan  Physiology, 
Johannes  lililler  proclaimed  that  the  speed  of  the  nerve  impulse  defied 
measurement  and  his  treatment  of  sensory  piocesses  and  the  mind  viere  largely 
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metaphysical  and  speculative.  In  little  moi'e  than  a  decade  after  i'lllller's 
pronouncement j  Helmholtz  had  measured  the  speed  of  the  nerve  iifipulse  and  had 
found  it,  indeed,  to  be  rather  slow.  Still  a  few  years  later,  Fechner  had 
proposed  his  solution  to  the  mind -body  problera  and  had  provided  the  methods 
by  vSiich  to  attain  solution. 

Orienting  attitudes.  One  implicit  attitude  concerning  the  significance 
of  experiments  is  particularly  v;idespread  a^ion?  experimental  psychologists. 

They  arc  prone  to  think  of  their  results  in  extremely  general  teims.  This 
generality  involves  both  species  and  situations,  i^xcept  as  he  is,  from 
time  to  tine,  caught  short  in  his  application  of  experimental  data,  the 
experimental  psychologist  is  inclined  to  view  his  findings  as  valid  without 
respect  to  the  readily  apparent  differences  between  his  laboratory  situations 
and  those  obtaining  outside  the  laboratory.  Indeed,  he  is  likely  not  to  keep 
in  mind  the  great  dependence  that  behavioral  data  have  upon  the  particular 
methods  used  in  securing  them.  One  need  only  to  read  the  usual  textbook 
treatment  of  specific  behavioral  phenomena  to  verify  this  practice.  The 
same  state  of  affairs  holds  for  species.  In  the  development  of  particular 
theoretical  issues,  data  from  a  variety  of  sources  are  brought  together  in 
the  supporting  evidence  and  one  senses  an  equation  of  the  white  i-at  with  the 
human  observer.  That  is,  there  appears  to  be  the  assumption  that  the  v;hite 
rat  is  substitutive  for  the  human  ojsorver  in  the  explanation  of  behavior 
in  the  general  case.  From  this  point  it  is  an  easily- taken  step  to  the 
attitude  that  a  white  rat  ^  a  human  observer,  alboit  a  rather  simple  one, 
in  some  laboratory  situation  under  consideration. 

In  recent  years,  Brunswick  (1956)  has  made  an  eloquent  statement  of  the 
principle  that  experiments  must  be  representative  in  design:  that  is,  that 
they  must  be  so  designed  that  they  will  yield  data  which  will  correlate 
positively  with  data  from  the  situations  to  v;.''’ich  one  intends  to  generalize 
his  experimental  data.  Kepresentative  experiments  are  identified  by  two 
criteria,  (l)  They  have  ecological  vaj^^'ity,  that  is,  they  sainple  a  range 
of  situations  that  are  typical  for  ff''’  type  of  subject  being  observed;  and 
(2)  they  are  functional  in  intent,  that  is,  they  sample  independent-dependent 
variable  relationships  over  a  typical  range  of  nic,-nitudes.  It  is  paradoxical 
that  attention  in  psychological  experiments,  out.ijde  of  psychophysics,  has 
been  directed  more  to  the  identification  of  independent  variables,  less  to 
the  determination  of  S-R  functions.  Even  with  an  increased  use  in  the  past 
several  decades  of  complex  designs  Tihich  facilitate  the  determinatlca  of 
such  functions,  greater  attention  persists  tov;ard  the  identification  cf 
variables  and  their  interactions. 

Psychological  experiments  also  have  been  concerned  more  often  with 
situational  in  contrast  to  intraorganismic  determinants  of  behavior.  This, 
perhaps,  is  because  the  former  are  more  accessible,  more  easily  identified, 
and  more  readily  controlled. 

Psychological  experiments  generally  are  simple  in  conceptualization. 

Though  complex  design  procedures  have  been  introduced,  most  variables  are 
present  in,  at  most,  one  or  tvio  degrees  of  raarnitude,  and  interactions  above 
the  first-order  are  difficult  to  interpret.  A  major  virtue  of  complex  designs, 
of  course,  is  that  they  allow  the  reduction  in  the  size  of  error  terms  and 
thus  the  demonstration  of  effects  with  smaller  camples  of  subjects.  Moreover, 
the  indices  that  constitute  data  in  psychological  experiments  are  simple  ones. 
The  response  operations  required  of  the  subject  generally  are  simple  acts  1-iUe 
saying  "yes"  and  "no",  pressing  a  key,  or  tracking  a  particular  signal. 


Performance  is  scored  for  the  frequency  idth  which  responses  or  response  errors 
occur,  their  latency  and/or  dui-ation,  end  only  relatively  infrequently  involves 
direct  estimates  of  maenitude.  'Jhen  physiological  measures  ar-e  used  as  indices 
of  behavior,  these  are  more  frequently  than  nob  simple  mea.sures. 

Error  in  the  experimental  psychologist's  mind  is  something  to  be  eliminated. 
His  greatest  concern  is  viitli  variable  error  and  its  effect  upon  the  precision 
of  his  data.  He  will  repeat  observations  to  reduce  errorj  he  will  use  counter¬ 
balancing  and  other  design  procedures  to  reduce  its  bias^  and  he  vjill  employ 
complex  designs  to  remove  the  influence  of  known  variables  and  their  inter¬ 
actions  from  the  assessment  of  the  effects  in  which  he  is  primarily  interested. 
The  constant  errors  typically  have  held  little  interest  for  him,  and  the 
speeialty  of  individual  differences  has  never  been  a  major  area  of  psychological 
investigation. 

Levels  of  measurement.  There  are  basically  four  levels  of  measurement 
(Stevens,  1958  a) .  That  is,  the  numerals  assigned  to  represented  obsei-vations 
will  differ  in  the  information  they  convey  and  these  differences  may  be  ordered 
into  fovLT  categories.  In  the  very  least,  they  can  simply  identify  the  obser¬ 
vational  event  or  class  of  events.  Or  they  may  indicate  position  in  a  linear 
array  of  events.  Examples  of  these  two  levels  are  the  seat  numbers  assigned 
to  students  in  a  class  and  the  ranldng  of  scores  on  an  essay  quiz.  Often 
evaluative  criteria  are  complex  and  it  is  not  possible,  as  Coombs  (1953)  has 
pointed  out,  to  achieve  a  pure  case  of  rank-orderir^.  Then  one  must  be  con¬ 
tent  with  a  parti ally- ordered  metric.  For  example,  if  the  answers  on  an 
essay  test  are  evaluated  for  both  factual  accuracy  and  original  thoiight. 

Test  Paper  A  nay  be  clearly  superior  to  Test  Paper  B  on  both  and  the  two 
may  be  ordered  so  that  A  is  higher  than  B.  i-Ieanx;hile,  Test  Paper  C  may  be 
factually  less  accurate  than  B  but  display  more  originality.  Thus  it  is 
not  clear  whether  B  is  higher  than  C  or  C  is  higher  than  B.  Unless  some 
a  priori  rule  has  been  made  about  the  relative  weighting  of  the  two  factors 
or  a  decision  to  score  the  tests  independently  on  the  too  criteria,  the 
strongest  form  of  scale  that  can  be  achieved  is  the  partially-ordered  scale. 

Most  frequently,  the  data  of  the  experimental  psychologist  are  of  the 
ordered  t’/pe  and  the  number  of  analytical  operations  he  can  perform  legiti¬ 
mately  upon  them  is  limited  to  three:  the  computation  of  medians,  percentiles, 
and  rank-order  correlations,  llea-nvihile,  his  goal  in  measurement  is  to  attain 
strong  scales.  These  are  of  two  typos:  interval  and  ratio,  wliich  respectively 
identify  position  on  a  linear  dimension  (providing  information  about  scalar 
distance  between  magnitudes  may  be  scales)  and  allow  the  precise  estimate  of 
relative  magnitude.  Examples  of  interval  and  ratio  measures  are  the  numerical 
scores  on  a  standardized  achievement  test  and  the  time-scores  on  tests  of 
manual  dexterity.  Stevens  (1958a)  has  maintained  that  certain  sensory  scales 
like  the  sone  and  the  bril  scales  are  ratio  scales.  For  a  scale  to  be  a  true 
ratio  scale  it  must  have  a  true  zero.  Stevens  has  identified  this  as  the 
absolute  threshold  (more  recently,  ho  has  used  the  vague  tern,  effective 
threshold) .  Hoviever,  recent  work  demonstrating  the  predominant  influence  of 
contextual  factors,  particularly  subliminal  stimulus  inputs  (Black  and  Bevan, 
i960),  brings  into  question  the  assertion  of  sensory  ratio  scales. 

The  interval  scale  is  perhaps  all-around  the  most  useful  and  the 
experimenter  will  do  all  that  he  can  to  achieve  it,  often  by  the  simple 
expedient  of  naldng  certain  heuristic  assumptions  and  intuitively  treating 
his  scale  as  one  of  equal-appenrang  intervals.  Hotjever,  often  it  is  not  pos¬ 
sible  to  even  smnume  a  puvo  i  ntei-vnl  at.  vi>neh  Mine  the  eT<lei-o.(\  me+.-p-ie. 
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scale  may  be  appropriate.  In  this  form  of  scale,  information  on  relative 
distanec  between  items  at  different  parts  of  the  scale  is  available  although 
none  is  provided  on  the  size  of  the  scale  unit  of  racasui'o.  Cooiribs  (l950) 
provides  a  method  for  the  construction  of  the  partially-ordered  metric  in 
his  unfolding  technique. 

The  ps^A^hophysical  methods.  Psychophysics  is,  as  we  noted  earlier,  the 
prototype  of  strong  scaling.  The  psychophysical  methods  may  be  described  as 
being  either  indirect  or  direct  scaling  methods. 

The  indirect  methods  are  identified  with  Fechner  and  Thurstons  and  are 
based  on  the  assumption  that  sensations  may  not  be  measured  directly. 

Fechner' s  expedient  was  to  assvimc  that  the  absolute  threshold  constituted  the 
limiting  value  on  a  sensory  dimension  and  that  jnd's  were  equal.  He  thus 
constructed  psychophysical  functions  by  means  of  the  operation  of  cumulating 
jnd's.  Similarly,  Thurstone  proposed  to  infer  psychological  magnitude  from 
a  knowledge  of  the  proportions  of  times  each  stimulus  is  Judged  greater  or 
less  than  every  other  item  with  which  it  is  compared. 

In  contrast,  Stevens  has  assumed  an  isoirarphism  between  the  operations 
of  response  and  the  sensory  magnitudes  underlying  responses.  He  thus  has 
proceeded  to  construct  scales  directly  from  the  experimental  operations  of 
bisection,  fractionation,  and,  most  recently,  magnitude  estimation. 

Reference  has  already  been  made  to  the  shortcomings  of  Feclmer' s  proce¬ 
dure  of  cumulating  Jnd's,  and  at  present,  no  convincing  experimental  check 
on  the  Validity  of  the  Law  of  Comparative  Judgment  exists.  Nor  is  the 
record  of  the  direct  scaling  metiaods  any  better.  Garner,  Hake  and  Erickson 
(1956),  in  their  discussion  Oj.  converging  operations,  comment  that  there  is 
no  evidence  that  sensory  magnitude  scales  are  true  reflections  of  a  sensory 
process.  Stevens'  scale  for  the  direct  estimation  of  loudness  (1956)  is 
identified  for  special  comment.  VJhen  a  subject  is  reouired  to  communicate 
his  impressions  of  loudness  in  terms  of  a  numerical  scale,  he  may  be  matching 
his  impressions  of  loudness  vdth  his  impressions  of  numerical  size  rather 
than  reflecting  a  metric  property  of  the  perceptual  system. 

Another  viay  of  classifying  the  psychophysical  methods  has  been  proposed 
recently  by  Rosner  (I962).  This  is  based  on  the  type  of  computational 
devices  used  in  arriving  at  numerical  values.  There  are  what  Rosner  calls 
S  statistics  and  R  statistics.  The  methods  that  employ  S  statistics  are  the 
methods  used  in  threshold  determination  and  the  adjustment  methods.  These 
are  the  indirect  methods  Just  described.  The  computational  routines  asso¬ 
ciated  with  the  S  methods  describe  the  distribution  of  a  particular  response 
with  reference  to  the  sample  of  stimuli  that  arouse  it.  The  psychophysical 
function  is  constructed  by  plotting  the  corresponding  conditional  probabili¬ 
ties  or  median  adjustment  against  the  scaled  stimulus  values.  The  R  methods 
involve  summarizing  the  distribution  of  responses  to  particular  stimuli. 

Scale  values  derive  either  from  the  conditional  probabi.litios  or  the  average 
magnitudes  assigned  to  the  several  stimuli.  Thurstone  and  Stevens'  scaling 
metliods  are  both  examples  of  the  R-methods  as  is  the  use  of  reaction  time 
data  (Kellogg,  1931)  in  scaling. 

The  methods  of  multidimensional  scaling  developed  vjithin  the  last  decade 
provide  for  the  scaling  of  similarity  among  stimuli,  vjhen  the  dimensions  of 
similarity  are  unknovjn,  in  terms  of  distance  betvjeen  points  in  a  Euclidean 
space  of  least  dimensionality.  They  are  therefore  R  methods.  Another  approach 
to  the  problem  of  multidimensionality  is  worth  exploring.  This  involves  the 
application  of  category  scaling  to  situations  in  which  the  independent  vari 
are  some  limited  and  s[jooified  number  mani  [minted  in  fully  pj-oaoribed  ways. 


-  16  - 


For  example j  in  a  recent  experiraent  lievan  and  T-urner  (l?62)  obtained  judgments 
of  siae  uhen  the  variable  of  lightness  uas  allowed  to  co-vary  witli  size  in  a 
perfectly  positive,  negative,  or  random  fashion.  From  these  data  three 
psychophysical  functions  were  constructed.  Using  the  condition  of  random 
correlation  as  the  basis  for  comparison,  it  was  found  that  the  judgment  of  size 
was  augmented  in  the  condition  of  positive  coi'relation  and  that  the  opposite 
held  true  for  the  case  of  negative  correlation,  uext,  by  fitting  equations  to 
these  three  functions  and  deriving  a  numerical  estimate  of  their  slopes,  it 
vjas  possible  to  construct  a  higher-order  function  from  wluch  to  predict  a 
psychophysical  function  for  size  estimation  vjhen,  everything  else  being  equal, 
any  degree  of  relationship  existed  between  this  variable  and  stimulus  lightness. 

Psychology  has  taken  its  quantitative  .models  primarily  from  the  physical 
sciences.  An  approach  worth  examining  is  that  of  the  similarity  and  dimensional 
methods  used  during  the  last  thirty  or  more  years  for  the  purpose  of  comparing 
empirical  functions  i/ith  simple  quantitative  models  of  biological  systems. 

In  a  recent  review  article,  Stalil  (I962)  identifies  a  dozen  physiological 
constants  deducible  from  the  allometric  equation  of  Huxley.  Von  Bekesy' s  work 
i/ith  models  of  the  inner  ear  (i960)  provides  an  exa;.iple  of  interest  to 
experimental  psychologists. 

The  Art  of  Experimental  Psj'chology 

The  skillful  experimental  psychologist  is  a  person  who  possesses  a 
thoi'ough  knowledge  of  the  experimental  liter atui-e,  particularly  that  segment 
related  to  his  area  of  special  interest;  A-jho  is  ;jell  trained  in  the  techniques 
of  apparatus  construction,  maintenance,  and  use;  who  is  well  versed  in  the 
methods  of  experimental  design,  observational  procediire,  and  statistical 
analysis;  and  who  is  informed  about  the  logic  of  moden  science. 

But  he  must  be  more  than  this.  Ho  must  be  thoroughly  conversant  with 
the  lore  of  experimental  psychology.  He  .must  possess  a  creative  imagination 
that  will  allov)  hi.m  to  translate  hypotheses  i.nto  effective  experiments  and 
enable  him  to  detect  at  the  earliest  possible  time  the  unexpected  in  his 
data  and  capitalise  upon  it  for  further  lines  of  investigation.  Being 
familiar  with  the  lore  of  a  field  involves  knowing  the  myriad  little  things 
t.hat  contribute  to  effective  experLments.  Tjiis  is  knovj ledge  that  is  not 
taught  in  formal  classes  or  presented  in  textbooks  and  handbooks.  It  largely 
is  omitted  from  experimental  reports.  It  is  acquired  through  conversations 
and  collaboration  with  other  investigators  and  t.hrough  doing  expei-iments 
oneself.  It  consists  of  a  laiowledge  of  endless  detail  that  makes  the  di  fferenf’o 
between  a  successful  and  an  unsuccessful  experiment:  what  type  of  design  is 
^  best  for  a  particular  problem;  v;hat  sorts  of  and  how  many  subjects  arc  needed; 

what  instructions  are  best  and  how  these  are  best  given;  what  incideiital 
factors  in  the  situation  may  be  ignored  and  what  must  be  controlled;  what 
responses  need  be  observed  and  recorded;  what  sorts  of  data  are  best,  etc. 

IJhat  lies  behind  creative  imagination  we  ca.nnot  at  present  specify  with 
confidence.  But  we  do  know  that  there  are  persons  who  can  do  exceedirgly 
clever  experiments  that  cut  to  the  heart  of  an  issue  while  others,  ju^t  as 
intelligent  and  just  as  well-trained  in  the  facts  and  methods  of  psychology, 
seem  to  lack  the  knack.  Guthrie  (195?) ,  in  a  discussion  of  the  oidenting 
attitudes  of  the  experimental  investigator  of  learning,  points  out  that 
patterns  of  stimuli  a.nd  pattei-ns  of  attendant  ve.snonso.s  have  a  psychoiogi cal 
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significance  that  must  be  dealt  with.  "It  is  not  enough,"  he  says  (1959, 
p.l65)  "that  they  be  available  in  the  ftiysical  situation  nor  is  it  enough 
that  the  organism's  attention  orients  sense  organs  to  receive  them;  it  is 
further  necessary  that  they  have  meaning  for  the  responding  organism." 
Psychologists  who  plan  conditioning  experijiients  undoubtedly  choose  their 
•  stimuli  in  the  light  of  their  past  experience  that  these  do  get  responded  to 

by  the  subject.  I  x<ould  go  a  step  farther  and  suggest  that  the  skillful 
experimenter  has  the  capacity  of  placing  liiinself  in  the  role  of  subject  and 
viewing  the  experimental  situation  from  this  vantage  point.  In  performing 
this  exercise,  he  will  know  not  only  whether  or  not  his  chosen  signals  will 
evoke  the  response  he  is  interested  in,  but  he  also  may  gain  some  insight  into 
the  subtleties  of  the  situation  as  the  subject  perceives  it  and  therefore 
some  comprehension  of  the  behavior  that  he  will  observe  in  his  experiment. 

An  experimenter  at  work.  I  should  like  to  conclude  this  discussion  by 
describing  a  series  of  experiments  by  iluenzinger  and  his  colleagues  on  the 
properties  of  punisliment  and  the  validity  of  the  Law  of  bffect.  They  are 
reported  in  a  set  of  nine  papers,  entitled  "Motivation  in  Learning",  that 
appeared  between  1931  and  19hl  and  were  summarized  by  Muenzinger  in  the  19^5 
Annual  Research  lecture  presented  at  the  University  of  Colorado  (I9ii6).  I 
have  chosen  this  series,  not  because  I  have  any  special  interest  in  the  prob¬ 
lem  they  were  devised  to  resolve  or  because  I  find  Muenzinger's  theoretical 
orientation  particularly  appealing.  Rather,  I  have  selected  this  program  of 
studies  because  the  experiments  are  simple  in  conceptualization  ard  because 
they  illustrate  very  nicely  the  mind  of  an  experimenter  at  viork.  They 
demonstrate  that  no  experiment,  no  matter  how  comprehensive  in  design,  fully 
resolves  a  theoretical  issue  or  establishes  an  experimental  hypothesis.  V/hat 
each  does  accomplish,  if  it  is  well-executed,  is  added  clarity  and  an 
increased  articulation  of  the  question  that  gave  rise  to  the  study  in  the 
first  place. 

iluenzinger' s  goal  was  to  clarify  the  relationship  of  punishment  to 
performance  efficiency.  In  all  of  his  experiments,  his  vehicle  xias  the  single¬ 
unit  T-maze  and  the  subject's  task  was  that  of  choosing  a  lighted  alley  leading 
to  food  in  the  goal  bo::.  Albino  rats  can  reach  errorless  pei-formance  in  this 
task  in  an  average  of  about  100  trials.  If  shock  is  added  for  incorrect  choices, 
the  same  level  of  accomplishment  will  be  reached  in  about  1*0  trials.  Thoi-ndi  ke'- s 
La;-!  of  Effect  would  account  for  such  facilitation  by  stating  that  the  annoying 
consequences  of  entering  the  incorrect  alley  produced  a  weakening  of  the 
S-R  bonds  that  linked  the  stimulus  cues  provided  hy  the  alley  to  the  entering 
response,  v;hile  the  satisf.ying  consequence  of  entering  the  correct  alley 
f  strengthened  this  S-R  connection. 

But,  as  iluenzinger  realized,  the  law  of  Effect  describes  only  one  of 
several  possible  reinforcement  patterns.  Therefore,  his  first  concern  was  with 
the  effect  upon  performance  of  shock  for  correct  responses.  He  predicted  that 
if  the  correct  response  vjere  both  rewai-ded  and  punislied,  pci-f onnance  would  be 
generally  poor,  since  the  strengthening  effects  of  the  former  vjould  be 
counteracted  by  the  latter.  In  his  basic  experiment  he  ran  three  groups  of 
rats:  (l)  which  received  only  food  on  the  correct  trials;  (2)  which  received 
food  on  the  correct  and  shock  on  the  incorrect  trials;  and  (3)  wliich 
received  both  food  and  shock  for  the  correct  response.  The  results  were  quite 
surprising.  The  group  receiving  food  alone  reached  criterion  (two  consecutive 
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days  of  10  errorless  trials  each)  in  Uii  trials  as  expected.  The  group 
rewarded  for  correct  and  punished  on  incorrect  trials  took  39  trials  as 
expected.  But  the  group  both  reviarded  and  punished  on  the  correct  trials 
averaged  only  1^9  trials  and  were  not  significantly  poorer  than  Oroup  2. 

In  attempting  to  account  for  the  facilitating  effect  produced  by 
punishing  the  correct  response^  iiuenninger  reasoned  that  punishment  might 
influence  performance  efficiency  not  by  weakening  incorrect  S-h  bonds  but 
by  making  the  animal  more  alert  to  the  problem's  critical  cues.  Therefore 
two  more  groups  of  animals  were  tested;  ih)  which  received  shock  both  for 
the  correct  and  incorrect  alleys^  and  (3)  which  was  shocked  in  the  starting 
alley  prior  to  reaching  the  choice  point.  The  group  which  was  shocked  for 
both  correct  and  incorrect  responses  reached  criterion  in  an  average  of  UO 
trials,  equaling  the  performance  of  Groups  2  and  3*  In  contrast,  the  group 
shocked  in  the  starting  alley  took  118  trials  to  reach  criterion,  indicating 
that  shock  under  these  conditions  had  no  facilitating  effect  at  all.  In  order 
to  further  check  on  the  possibilioy  that  punishment  exerted  its  influence  through 
general  arousal,  a  sixth  group  received  shock  in  the  starting  alley  and  in 
both  correct  and  incorrect  alleys  and  met  criterion  in  h,9  trials,  a  level  of 
performance  not  significantly  different  from  that  of  Groups  2,  3,  and  h. 

iiuenzinger' s  conclusion  at  this  point  was  that  punishment  increased 
performance  efficiency  by  sensitizing  the  subject  to  the  cues  critical  to 
solution  of  the  task.  He,  furthermore,  hypothesized  that  reward  and  punishment 
are  complementary  states  related  to  the  attainment  or  frustration  of  goals. 

Thus  securing  food  and  escaping  shock  both  may  be  rewarding,  while  not  securing 
food  and  receiving  shock  both  may  be  punishing.  To  check  the  possibility  that 
escape  from  shock  is  rewarding,  Group  7  received  shock  from  start  box  to  goal 
box  with  no  food  in  the  goal  box.  Its  mean  criterion  performance  was  $2  trials, 
not  significantly  different  from  2,  3^  ii  and  6  and  clearly  better  than  Group  1, 
the  food-alone  group. 

iiuenzinger  next  turned  to  examine  another  aspect  of  the  Law  of  Effect. 

This  hypothesized  not  only  that  punishment  produced  its  effect  by  wealcening 
S-R  bonds  but  that  this  resulted  from  the  annoyance  associated  with  it.  If, 
as  iiuenzinger  had  concluded,  punishment  lias  effective  because  it  alerted  the 
subject  to  important  cues,  then  it  was  necessary  to  ask  if  this  alertness 
resulted  from  annoyance  or  from  some  other  cause.  This  meant  replacing 
shock  at  the  choice  point  with  some  other  type  of  reinforcement.  Group  8 
received  a  buzzer  in  the  correct  alley;  Group  9  received  it  in  the  incorrect 
alley.  For  Group  10,  the  grids  were  removed  from  both  alleys  and  tlie  animal 
was  faced  with  jumping  a  gap  to  reach  the  goal  box.  For  Group  11  the  gap 
was  located  in  the  starting  alley  prior  to  the  choice-point.  The  substitution 
of  the  buzzer  for  the  shock  in  Groups  8  and  9  produced  no  facilitation  of 
performance.  In  contrast,  the  group  with  the  gap  in  both  alleys  averaged 
U9  trials  to  criterion;  its  control.  Group  11,  110  trials.  Delay  at  the 
ehoicepoint  v;as  as  effective  as  shock  at  the  choicepoint  in  facilitating 
learning.  In  order  to  get  some  clearer  notion  of  why  this  was  so,  Muenzinger 
next  examined  other  data  he  had  available  on  all  his  groups.  In  groups  vjith 
scores  above  100  the  average  amount  of  V.T.E.  behavior  (head-t;irning  at  the 
ciioice -point)  was  only  about  one  half  that  observed  in  the  groups  performing 
at  a  level  of  I4O-50  trials  to  criterion.  He,  therefore,  coneluded  that  any 
condition,  including  punislmcnt,  that  viill  cause  the  subject  to  pause  at  the 
choice-point  and  indulge  in  V.T.F..  behavioi-  will  facilitate  performance. 
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This  last  hypothesis  was  tested  by  observinf^  a  group  (12)  in  wliich  the 
subject  was  simply  restrained  in  the  alley  of  its  c'loice  for  3-5  seconds 
on  each  trial  by  the  lowering  cf  transparent  doors  and  then  allowed  to 
continue  to  the  goal  box.  These  rats  reached  criterion  in  68  trials,  and 
were  considerably  better  than  the  food-alone  group  (1), 

iluenzinger' s  interpretation  of  the  role  of  punislunent  in  learning,  based 
on  the  performance  of  these  12  groups  of  rats  in  the  T-maze,  is  that  it 
facilitates  performance  because  it  prompts  the  subject  to  pause  at  the  choice- 
point  and  this  pause  increases  the  probability  that  he  will  detect  the  cues 
that  must  bo  discrirainated  for  successful  solution  of  the  experimental  task. 
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Introduction 


During  the  past  fevj  years  I  have  been  concerned  viith  anomalous  contrast 
and  assimilation  effects  such  as  the  von  Bcsold  "spread"  effect  and  the  Gelb 
spotlight  phenomenon  in  the  hope  of  obtaining  quantitative  data  which  would 
make  it  possible  to  envisage  these  and  similar  phenomena  in  terms  of  known 
visual  mechanisms.  In  the  von  Bezold  effect-*-  chromatic  areas  with  white 
arabesques  appear  lighter  than  vjith  black  designs,  and  in  the  Gelb  pheno¬ 
menon  a  spinning  black  disk  illuminated  by  a  cone  of  li^t  in  a  dimly  lit 
or  dark  room  with  black  walls  appears  very  light  gray  or  white  until  a 
small  vjhite  surface  is  seen  in  front^of  the  disk  whereupon  it  tvirns  very 
dark  gray  or  black.  The  Gelb  effect‘d  has  been  explained  by  such  molar 
concepts  as  "noticing  the  illuiuination,"  "belongingness,"  "appurtenance," 
"struct\ire  of  the  visual  field,"  or  in  terms  of  "differences  between  film 
and  surface  colors."  The  rejection  of  contrast  as  an  explanation  of  the 
Gelb  effect  was  based  on  the  supposition  that  the  small  white  area  could 
not  cause  such  a  large  change  in  the  appearance  of  the  disc  by  contrast  but 
no  expei-ijiiciital  evidence  was  offered  to  support  this  argument.  Similarly, 
the  von  Bezold  spread  effect  (called  'assimilation'  here)  has  stood  opposed 
to  classical  contrast.  VJith  no  quantitative  data  there  has  been,  until 
recently,  no  basis  for  predicting  vjhen  assimilation  or  contrast  ■will  be  per¬ 
ceived  under  given  conditions.  Three  studies  of  assimilation  and  one  study 
of  the  Gelb  phenomenon  are  re'viewed  wliich  show  that  they  are  amenable  to 
quantitative  treatment,  and  a  theory  of  their  retinal  origin  is  tentatively 
proposed. 


Assimilation  and  Contrast 

Materials  and  Procedure.  The  studies  of  assimilation  were  made  with 
sLrnight,  ruled  black  and  white  lines  in  place  of  the  von  Bezold  designs,  thus 
making  possible  quantitative  variations  in  line  -thickness  and  line  separations 
(or  intervening  background  area)  and  nonselecti've  surfaces  of  high  (near- 
vihite),  low  (very  dark  gra-y),  and  intermediate  (middle-gray)  reflectances 
were  employed  in  place  of  chromatic  backgrounds.  A  combination  of  the  methods 
of  paired  comparisons  and  limits  was  used  in  the  observations.  Observers 
judged  the  li^tness  of  the  two  halves  of  7xll-in.  cards  ruled  with  white 
and  black  lines  I’ith  instiuctions  to  compare  the  lightness  of  the  intervening 
gray  areas.  In  the  first  study  vjith  Kohles,^  only  lines  of  1-mm  width  were 
employed  with  separations  ranging  from  3-55  mm  in  steps  of  I4  mm,  and  back- 
groiuid  of  36^  reflectance  (iiunsell  value  =  6.5).  In  the  second  study  vjith 
Joy,*^  both  linewidth  and  line  sepai-ation  were  varied  in  a  6x6  design  in  which 
every  width  of  line  was  used  with  every  line  separation.  The  linewidths  and 
line  scMrations  W’sre  3,  10  ,  20,  30,  lO,  and  50  mm.  In  the  third  study  with 
Stcger,5  a  5x6  design  was  employed  with  linewidths  of  1,  3,  5,  H,  17,  and 
29  ram  and  line  separations  of  3,  5,  11,  17,  and  29  mm  on  grays  of  and 
80^  reflectance  (!-Iunsell  values  =  1^.3  and  9.0).  In  all  three  studios  the 
cards  were  viewed  at  a  distance  of  3  m  and  the  judgnmnta  of  the  two  hal\'r>f; 
of  the  cards  were  made  in  terms  of  a  catcgoi-y  scale  i-anging  from  vei-y,  very 
much  lighter  through  equal  to  very,  very  much  dai'ker,  with  jiumhcrs  from 
1-9  assigned  them  for  ptirposes  of  computation  with  5  standing  for  equal  and 
numbers  above  5  for  contrast  and  tliose  below  5  for  assimilation  except  in 
the  third  study  where  numbers  above  5  indicate  assimilation.  To  counter¬ 
balance  order  and  practice  effects  the  cards  were  judged  in  abba  order  in 
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the  first  and  third  studies,  i.e.,  white-lined  sides  first,  then  the  dark- 
lined  sides  twice,  then  the  white-lined  sides,  with  the  observers,  and  the 
reverse  order,  baab,  with  the  remaining  observers.  In  the  second  study  only 
ab  and  ^  series  were  eiiploycd.  Cards  were  presented  in  ascending  order  of 
magnitude  of  linevjidths  and  separations  and  then  in  descending  order  of 
magnitude.  Since  assimilation  and  contrast  effects  are  very  critical  in 
certain  regions,  it  is  necessary  to  control  the  area  surrounding  the 
stimulus  materials.  Even  objects  like  white  or  dark  papers  or  clothes  in 
the  visual  field  of  the  observers  may  influence  the  results,  hence  the  cards 
vjere  surrounded  by  large,  homogeneous  surfaces  of  identical  reflectance. 

Other  details  of  procedure,  evaluation  of  results,  including  statistical 
treatment,  etc.,  will  not  be  given  hero  as  they  can  be  found  in  the  original 
sources. 

Results .  The  reliability  of  the  data  is  attested  by  the  number  of 
observations  in  the  three  studies:  in  the  first  study  there  were  10  O^xii 
series  xlli  stimuli,  making  560  observations]  in  the  second  study  there  were 
11  0£x2  series  x36  stimuli  malduig  792  observations]  and  in  the  third  study 
there  were  10  O^xU  series  x60  stimuli  mald-ng  2i;00  observations.  The  three 
studies  thus  embody  a  total  of  3752  observations.  In  addition,  the  second 
study  was  essentially  a  replication  of  an  earlier  one.  Since  the  second 
study  embodies  the  first  as  a  special  case,  only  the  results  of  the  second 
and  third  studies  will  be  discussed  in  detail  in  this  article. 

The  data  in  Table  I  show  that  as  linewidth  increases  (reading  across 
the  table)  assimilation  gives  way  to  contrast.  In  this  table  numbers  above 
5  indicate  contrast,  i.e.,  the  area  between  the  white  lines  was  daidcer  than 
that  between  the  black  lines  of  the  cards.  Numbers  below  5  indicate  that 
the  idiite-lined  half  was  judged  lighter  than  the  black- lined  half  of  the 
cards  and  hence  that  in  such  cases  assimilation  occurred.  Linewidth  of 
10  mm  is  seen  to  bo  the  dividing  point  between  assimilation  and  contrast. 
Contrast  increases  with  linev;idth  and  decreases  with  line  separation,  a  fact 
in  accordance  with  the  law  of  diminishing  contrast  from  the  borders  of  con¬ 
trasting  areas,  while  assimilation  is  greater  with  narrow  than  with  wide  lines. 

Turning  to  Figs.  1-U  we  find  consistency  in  the  conditions  yielding 
assimilation  and  contrast,  the  two  phenomena  forming  a  continuum.  Between 
assimilation  and  contrast  there  is  a  transition  zone  from  one  to  the  other 
with  neither  effect  present,  as  we  vjould  expect.  Fran  Fig.  1  it  is  seen 
that  lines  3  in  width  yield  assimilation  viith  all  line  separations,  the 
degree  of  lightening  due  to  the  white  lines  and  darkening  due  to  the  black 
lines  being  roughly  inversely  proportional  to  the  width  of  intervening  gray 
background.  Additional  information  is  obtained  from  Fig.  2  in  which  light¬ 
ness  is  plotted  against  lino  separation  with  vjidth  of  lines  as  the  parameter 
of  the  individual  curves.  Uith  a  few  exceptions,  it  is  seen  that  as  the 
vjidth  of  gray  between  the  lines  increases  both  assimilation  and  contrast 
decrease,  i.e.,  the  intervening  gray  tends  to  be  unaffected  by  the  wiiite 
or  black  lines.  This  result  bears  out  the  finding  by  Kelson  and  P.ohles  that 
assiiailation  decreases  as  line  separation  increases  and  it  is  also  in  keeping 
with  the  classical  law  of  contrast  according  tc  viaich  contrast  effect  decreases 
uith  distance  from  borders. 

Effects  of  width,  of  line  and  line  sepai-ation  are  combined  in  Fig.  3  wherein 
lightness  is  plotted  as  a  function  of  the  ratio  of  gray  width  to  line  width 
with  the  former  the  parameter  in  the  individual  curves.  For  each  width  of 
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gray,  as  the  ratio  of  gray  to  lineviidth  decreases,  contrast  increases, — a 
result  readily  understandable  in  terr.is  of  classical  contrast  since  the  wider 
the  xihite  and  black  lines  relative  to  the  line  separations,  the  greater 
should  be  the  contrast  effect.  One  important  fact  emerges  from  Fig.  2- 
ratios  of  x-ihite  to  gray  and  blade  to  gray  are  not  solely  determinative  of 
contrast  or  assimilation.  Thus  1:1  ratios  of  lincuidth  to  line  separation 
may  have  very  different  effects,  depending  upon  the  absolute  values  entering 
into  the  ratios:  maximal  assiid-lation  is  found  with  linexjidths  of  3  min  and 
line  separations  of  3  inn  but  maximal  contrast  is  foxmd  with  50-mra  linewidths 
and  50-:iun  line  sepai'ations  in  this  study.  The  domain  of  assimilation  contains 
ratios  from  1:1  to  16.7:1  under  the  conditions  of  this  stiidy.  The  domain  of 
contrast  contains  ratios  ranging  from  0.06  to  2.5:1.  Hence  we  must  look  to 
visual  mechanisms  that  are  affected  by  absolute  as  well  as  by  relative  amounts 
of  stimulation  with  the  probability  that  absolute  amounts  play  a  greater  role 
than  do  relative  amounts  in  these  phenomena. 

The  essential  unity  of  contrast  and  assimilation,  hitherto  regarded  as 
opposed  effects,  can  be  seen  from  the  plot  in  Fig.  U  vjhsrein  the  conditions 
rrir.jion.sible  for  each  effect  are  ;.5apped  for  grays  of  36/S  reflectance.  VJhile 
the  transition  from  assimilation  to  contrast  appears  abrupt  in  this  plot, 
actually  it  comprises  a  range  of  conditions.  A  second  region  of  neutrality, 
i.e.,  neither  contrast  nor  assimilation  effect,  is  found  beyond  line  sepa¬ 
rations  of  5o  im  xvhere  areas  are  too  large  to  yield  either  contrast  or 
asnir,iilation  under  the  conditions  of  this  study. 

The  instability  of  assimilation-contrast  effects  under  most  conditions 
appears  from  the  steepness  of  the  curves  whero  they  cross  the  neutral  axis 
(5)  in  Fig.  3  and  also  in  the  closeness  of  the  curves  for  line  separations 
greater  than  10  mm,  to  the  neutral  axis.  Reports  in  the  vicinity  of  5 
(equal)  are  near  threshold  and  fluctuate  more  than  do  observations  made 
under  the  more  compelling  conditions  for  either  contrast  or  assimilation. 

For  this  reason  eye  movements,  point  of  fixation,  and  other  individual 
differences  in  mode  of  ^'iewing  the  stmuli  may  exert  pronounced  effects  on 
vjhat  is  seen. 

The  results  of  the  third  study  with  Steger  hear  out  the  previous  studies 
but  with  some  interesting  differences.  It  vjill  be  recalled  that  in  this 
study  we  used  a  near -white  and  a  very  darl:  gray  background  for  the  purpose  of 
determining  what  happens  as  the  upper  and  lox-;cr  limits  of  reflectance  are 
approached,  bith  intervening  areas  of  low  or  high  reflectance  (lii/o  or  60%) 
only  assimilation  in  varying  degrees  is  found  up  to  the  widest  lines  and 
line  separations  under  the  conditions  of  these  observations.  As  seen  from 
Figs.  5  and  6,  the  former  for  very  light  gray  background,  the  latter  for 
very  dark  gray  background,  the  thinner  the  lines,  the  greater  is  tho 
lightening  effect  of  white  lines  and  the  darkening  effect  of  black  lines, 
bith  wide  intervening  backgrounds  the  surfaces  tend  towoird  equality  of 
lightness.  The  bxinching  of  the  curves  in  Fig.  5  throughout  the  range  of 
line  separations  and  in  Fig.  6  at  the  17-  and  29-in7i  line  separations  shows 
that  line  separation  is  the  more  important  of  the  tvra  vai’iables.  This  con¬ 
clusion  is  borne  out  with  very  light  and  very  dark  backgrounds  by  the 
flatness  of  the  curves  shovjn  in  Firs.  ^  and  8.  F'rcm  those  figures  it  is 
seen  that  degree  of  lightening  due  to  v.-hite  lines  and  darkening  due  to  black 
lines  depends  more  upon  the  line  separations  than  upon  the  linewidths:  the 
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smaller  tho  line  sepai-ations,  the  greater  is  the  degree  of  assimilation. 
Conelusions  regarding  assimilation  and  eontrast  effects  therefore  must  talce 
into  aceount  not  only  linevjidths  and  line  separations  but  also  the  reflee- 
tanees  of  the  lines  and  of  tlio  intervening  areas . 

Trigger  Contrast  (Gelb  Effect) 

If  the  sudden,  great  change  in  the  Gclb  disk,  illuminated  by  a  spotlight, 
from  Mfiite'  to  black  as  tho  result  of  introducing  a  small  patch  of  uhite  in 
front  of  the  disk  is  a  contrast  effect,  then  the  amount  of  darkening  should 
be  a  function  of  the  area  of  the  uhite  surface,  its  position,  and  its  reflec¬ 
tance.  Accordingly,  Stewart®  measured  the  degrees  black  required  in  a  black- 
white  disk  in  a  high  illuminance  to  natch  a  Gelb  disk  of  12-in.  diameter  with 
a  small  white  surface  either  0.^,  1.0,  or  2.0-in.  in  diameter  placed  at  the 
center  and  at  various  positions  from  center  to  the  edge  of  the  black  disk. 

The  reflectance  of  the  white  surface  i.’as  not  varied  since  Koffka  had  already 
Xoimd  that  the  less  the  ratio  of  reflectances  of  the  two  surfaces,  the  less 
dark  did  the  black  disk  appear.  Stewart  employed  the  binoeular-septum 
matching  technique  in  which  the  Gclb  disk  was  viewed  by  the  right  eye  against 
an  unlighted  black  ground,  while  the  matching  disk,  composed  of  liiite  and 
black  moveable  sectors,  was  viewed  by  the  left  eye  against  a  fully  illumi¬ 
nated  blacl:  ground. 

The  data  plotted  in  Fig.  9  from  Stevjart  show  that  the  Gelb  disk  was 
blackest,  i.e.,  required  the  largest  amount  of  black  in  the  matching  disk, 
the  nearer  to  the  center  and  the  larger  the  white  surface  was.  The  data 
plot  so  regularly  on  straight  lines,  except  when  the  white  surface  is  tan¬ 
gent  to  the  black  disk,  that  there  can  be  no  doubt  as  to  the  contrast  origin 
of  the  Gelb  phenomenon.  Descriptive  features  of  the  Gelb  phenomenon  attest 
its  contrast  nature  as  viell  as  the  quantitative  data.  Observers  reported 
that  the  darkening  effect  of  the  i-jhitc  surface  ’was  not  uniform  over  the 
entire  disk.  The  greatest  darkening  occurred  in  the  vicinity  of  the  small- 
area  and  diminished  with  distance  from  it,  as  ’was  expected  from  the  contrast 
explanation,  lihile  there  were  individual  differences  among  observers,  the 
results  for  each  vjere  regular  and  consistent. 

The  extent  of  the  triggering  effect  of  the  white  surfaee  in  the  Gelb 
phenomenon  can  be  appreciated  when  it  is  realized  that  the  ratios  of  the 
small  ’White  surfaces  to  the  black  disk  were  only  0.00017,  0.00068,  and 
0.00272  or,  in  terms  of  rounded  percents,  0.02/5,  0.07%,  and  0.3%1  Since  the 
smallest  white  ai’ea  gave  considerable  darlicning  of  the  Gelb  disk,  it  is 
appai'ent  that  even  the  figure  of  0.02/i  does  not  represent  the  limit  of  white 
area  that  may  exert  contrast  effect  under  the  conditions  of  the  Gelb  phenomenon. 

The  importance  of  the  Gelb  phenomenon  is  that  it  demonstrates  very  vividly 
that  large  contrast  effect  may  be  obtained  with  very  small  areas  as  well  as 
v/ith  high  luminances.  The  latter  fact  has  been  known  and  studied  for  a  lonm 
time  in  investigations  of  glare  from  light  sources.  An  effect  similar  to  the 
Gelb  effect  is  found  if  a  small  white  patch  is  viewed  in  a  high  illumi.nance 
against  a  velvet-black  background.  In  this  case  the  white  surface  seems  to 
glow,  so  great  is  the  eontrast  effeet  under  these  eonditions. 
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Theoretical  Discussion 

References  to  the  von  Bezold  effect  as  a  "rnixture"  or  "spread",  phenoinoncn 
iaply  that  it  is  the  result  of  irradiation  or  spread  of  excitation  on  the 
retina  or  something  akin  to  a  mosaic  color  mixture,  h'hile  such  mechanisms 
may  be  responsible  for  assimilation  vjhen  lino  separations  are  no  greater  than 
can  be  resolved  by  the  eye,  they  cannot  explain  assimilation  with  stimuli 
as  widely  separated  as  $7  ft,  the  vjidest  separation  at  which  some  assimilation 
was  reported  in  the  study  with  Rohles  (50-mm  gray  separation  between  lines 
viewed  at  a  distance  of  3  m) .  Similarly  it  is  doubtful  that  tonic  eye 
movements  are  an  explanation  for  assimilation  effects  with  stimuli  subtending 
relatively  large  visual  angles.  On  the  other  hand,  if  such  explanations 
sufficed  for  assimilation  they  would  still  leave  eontrast  unexplained.  In 
view  of  our  finding  that  assimilation  and  contrast  vary  along  a  single 
continuum  in  which  there  is  a  zone  of  neutrality,  a  single  mechanism  is 
preferable  to  handle  all  the  facts.  Such  a  mechanism  is  provided  by  the 
concept  of  retinal  and/or  central  interaction. 

Pliyoi  el ogi  cal  models  that  envisage  facts  of  facilitation,  summation, 
and  inhibition  in  spinal  reflexes  and  in  retinal  processes  based  on  spatial 
interaction  betvreen  more  or  less  distant  neural  areas  have  been  proposed  by 
a  number  of  workers,  among  them  Sherrington,  "S'  \-jho  drew  a  parallel  between 
retinal  function  and  spinal  reflex  activitj’-,  .Polyak's  histological  studies^ 
have  provided  ample  evidence  for  spatial  interaction  in  the  retina.  In  this 
connection  he  v/rote:  at  least  a  "fraction  cf  cone  iitipulses  [passes}  to  one 
or  several  horizontal  cells  from  ifiich  it  is  distributed  in  all  directions 
over  the  more  or  less  distant  rods  and  cones"  by  means  of  amacrine  cells 
having  lateral  connections. ^  As  pointed  out  by  Ruch,^  the  convergence  of 
many  rods  and  cones  on  bipolar  cells  and  of  bipolar  cells  on  ganglion  cells 
provides  a  neural  substrate  for  interaction  of  streams  of  impulses  resulting 
in  facilitation  and  inhibition  in  vision  as  well  as  in  the  case  of  spinal 
reflexes.  In  view  of  the  opposed  nature  of  assimilation  and  contrast,  we 
must  assume  that  if  assimilation  arises  from  summation  or  facilitation  of 
impulses  of  a  given  kind  or  quantity,  then  contrast  arises  from  inhibition 
of  the  same  type  of  impulses  in  neighboring  areas.  Vie  therefore  assume  that 
relatively  equal  impulses  from  neighboring  areas  summate,  or  at  least  do 
not  inhibit  one  another,  thereby  giving  rise  to  assimilation,  while  an 
intense  excitation,  arriving  at  some  common  synapse  or  neural  pathway, 
inhibits  a  wedrer  one  to  give  rise  to  contrast.  Ruch  also  points  out, 
"Convergence  (provides) .. .the  neural  substrate  for  interaction  of  streams 
of  impulses  resulting  in  facilitation  and  inhibition  phenomena"  as  well  as 
the  system  of  intraretinal  association  neurons .9 

To  explain  the  assimilation  and  contrast  effects  in  these  studies  we 
need  assume  only  that  area  acts  like  luminance,  that  is,  increase  in  area 
has  the  same  effect  as  increase  in  luminance,  and  that  relatively  wealc 
interactions  summate  and  intense  stimulation  in  one  area  inhibits  weaker 
stimulation  in  neighboring  areas.  Besides  accounting  for  contrast  and 
assimilation  we  can  account  on  this  basis  for  the  neutral  zone  in  which 
there  is  neither  contrast  nor  assimilation  as  follows:  if  these  two 
phenomena  are  mediated  by  a  mechanism  that  results  in  summation  with 
low,  and  inhibition  with  high,  differentials  of  stimulation,  then  there 
should  be  neither  summation  nor  inhibition  at  some  intermediate  differential 
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in  stimulation  as  is  actually  the  case.  The  absolute  levels  at  wliich  there 
is  neither  assimilation  nor  contrast  depend  upon  the  luminances  of  the  lines 
I  and  of  the  intervening  areas.  One  prediction  from  this  theory  has  been 

indirectly  verified:  if  the  luminance  of  thin  lines  vyhich  give  assimilation 
is  increased  sufficiently,  then  assimilation  should  give  way  to  contrast. 
Inspection  of  Fig.  3  shows  assimilation  changes  to  contrast  with  constant 
linewidth  as  the  ratio  of  gray  v;idth  to  line  width  decreases  in  accordance 
with  the  assumption  that  area  and  luminance  function  equivalently:  the 
smaller  gray  area  is  equivalent  to  higher  line -luminance  with  resultant 
contrast  effect.  Owing  to  the  rapid  fall-off  of  contrast  with  increasing 
distance  from  borders  the  are a- luminance  equivalence  is  probably  not  linear 
and  needs  to  be  determined  independently. 

The  trigger  type  of  contrast  characteristic  of  the  Gelb  phenomenon 
requires  only  recognition  of  the  fact  that  very  small  areas  may,  under 
certain  conditions,  exert  very  large  contrast  effects,  or,  in  terms  of  the 
theory  proposed  here,  a  large  differential  in  reflectance  or  luminance  due 
to  a  very  small  area  in  the  neighborhood  of  a  large  area  may,  under 
favorable  conditions,  inhibit  excitations  from  the  large  area.  More  data 
are  needed  for  a  quantitative  formulation  of  this  theory  of  contrast  and 
assimilation. 
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6.13 

32.10 

5.35 

5o 

h.S9 
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5.59 

5.31 

6.00 

6.27 

32.53 

5.U2 

Total 

23.09 

30.56 

33.h7 

35.00 

37.30 

38.69 

198.11 

ifean 

3.85 

5.10 

5.58 

5.83 
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6.1i5 

a 
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V.  Joy, 

Psycho 1. 

Beitrage 

6,  ko3  (1962). 
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Fig.  1.  After  Helson  and  Joy.  Contrast  and  assimilation  as  a  function  of 
line  vjidth  for  each  line  soparation. 
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Fig.  2 


.  After  Kelson  and  Joy.  Contrast  and  assimilation  as  a  function  of 
V7idth  of  gray  (line  separation)  for  each  width  of  line.  The  broken 
curve  for  l-nrn  linevjidth  is  from  the  study  by  Kelson  and  Rohles. 
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RATIO  OF  GRAY  TO  LINE  WIDTH  (MM) 


After  Kelson  and  Joy..  Assimilation  and  contrast  as  a  function  of 
the  ratios  of  gray  uidth  to  linewidth.  Note  the  zone  of  equality 
where  the  curves  cross  the  line  of  equals  and  the  asymptotic  approach 
of  the  assimilation  points  to  the  line  of  equals  toward  the  right 
of  the  figure- 
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Fig.  After  Kelson  and  Joy.  Domains  of  assimilation  and  eontrast.  Eaeh 
point  in  the  plane  represents  the  eoribination  of  linenidth  and  line 
separation  that  yields  either  assimilation  or  eontrast. 
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Assimilation  as  a  function  of  line  separation  (gray  viidth)  with 
background  of  8055  reflectance. 


Fig.  6.  Assimilation  as  a  function  of  line  separation  (cray  width)  vjith 
background  of  2h.%  reflectance. 


AssiriLlation  as  a  function  of  lincwidth  viith  background  of  60/S 
reflectance. 
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Fig,  8.  Assimilation  as  a  function  of  line^iidth  with  background  of  llj! 
reflectance. 
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Fig.  9.  After  Stevjart.  Contrastive  darkening  of  the  Gefb  disk  as  a  function 
of  distance  from  center  of  the  white  patch  with  size  of  patch  the 
parameter  in  the  individual  curves. 


